
TITLE OF THE INVENTION 
DISTORTION COMPENSATOR 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention: 

This invention relates to a distortion compensator that compensates for 
distortion arising in an amplifier that amplifies signals, and particularly to a distortion 
compensator that, in a configuration whereby distortion compensation is performed 

10 based on the correspondence between signal levels and distortion compensation control 
values that determine the mode of distortion compensation, is intended to improve the 
efficiency of distortion compensation by controlling the number of pairs of 
corresponding signal levels and distortion compensation control values, controlling the 
amoxmt by which the correspondence between signal levels and distortion compensation 

15 control values is updated, and controlling the jfrequency at which the correspondence 
between signal levels and distortion compensation control values is updated. 

Description of the Prior Art: 

In a base station unit provided in a mobile communications system that adopts 

20 wideband-code division multiple access (W-CDMA) as the mobile communications 
protocol, it is necessary that wireless signals reach mobile station units that are 
physically far apart, so amplifiers must be used to greatly amplify the signals to be 
transmitted before transmission. 

However, amplifiers are analog devices, so their input/output characteristics are 

25 nonlinear functions. In particular, after the amplification limit called the saturation point, 
the output power becomes nearly constant even if the power input to the amplifier is 
increased further, so this nonlinear output gives rise to nonlinear distortion. 

In the transmit signal prior to amplification, signal components outside of the 
desired signal band are kept to low levels by bandlimiting filters, but in the signal after 

30 passing through the filter, nonlinear distortion occurs so signal components may leak to 
adjacent channels or other areas outside the desired signal band. For example, in a base 
station unit, the transmission power is large as described above, so the magnitude of this 



leakage of power to adjacent channels is strictly regulated, so techniques of decreasing 
this adjacent channel leak £ower (ACP) are used. 

An example of a technique of decreasing the adjacent channel leak power is the 
use of a predistorter. 

5 Based on a distortion compensation table containing input signal levels and the 

corresponding distortion compensation control values, a predistorter generates distortion 
that will cancel the distortion generated in the amplifier with respect to the signal 
amplified by the amplifier, thus compensating for the distortion generated in the 
amplifier and decreasing the adjacent channel leak power. 

10 In recent years, the adaptive predistortion (APD) method in which the contents 

of the distortion compensation table are adaptively controlled is attracting attention as 
an example of a distortion compensation scheme for implementing a highly efficient 
amplifier, so adaptive predistorters that perform such control are attracting attention. 
Here follows a description of background art on distortion compensation. 

15 ^th the "Linearizer" recited in the present inventors' publication of 

unexamined Japanese patent application (Kokai) No. JP-A-2001-368150 (Reference 
Document 1), the scope of variation of the input signal to the power amplifier is divided 
into a plurality of divisions, the points indicating the input signal level of each division 
are taken to be representative points, the inverse characteristic of the nonlinearity of the 

20 power amplifier is calculated for only the representative points and a coefficient of 
distortion compensation is found, and then the coeflBcient of distortion compensation for 
the representative points is used for interpolation and inverse interpolation to find a 
coefficient of distortion compensation for other points of the input signal level. In 
addition, this Reference Document 1 also recites interpolation performed using 

25 Lagrange interpolation polynomials, improving the accuracy of interpolation by 
increasing the order of such interpolation polynomials and also improving the accuracy 
of interpolation by making smaller the intervals between the representative points of the 
input signal level. 

With the "Predistortion-Type Nonlinear Distortion Compensation Circxiit and 
30 Digital Transmitter Using Same" recited in Kokai No. JP-A-200 1-284980 (Reference 
Docxmient 2), interpolation or extrapolation are performed using proportional 
calculation, and when the distortion compensation value table is updated a stipulated 
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niunber of times, distortion compensation values that had never been updated are 
updated by interpolation. Specifically, assuming that p\<pi, if {pu and (p2, qi) are 
known then interpolation to calculate (p, q) with respect to p such that p\<p<p2j and 
extrapolation to calculate (p, q) with respect to p such that p<p\<p2 and p\<pi<p are 
5 performed. 

With the "Signal Distortion Compensator and Distortion Compensation 
Method" recited in Kokai No. JP-A-2002-111401 (Reference Document 3), the 
coefficient of distortion compensation is updated based on the input signal and signal 
amplified by the amplifier. Specifically, the least mean squares (LMS) algorithm and 
10 clipped least mean squares algorithm are used to update the coefficient of distortion 
compensation. In addition, the value of the step size of the clipped least mean squares 
algorithm is controlled and the dynamic range of the analog to digital (A/D) converter is 
controlled. 

With the "Nonlinear Distortion-Compensated Power Amplifier" recited in 
15 Kokai No. JP-A-200 1-203539 (Reference Document 4), the content of the table 
containing the input signal power values to the power amplifier and the corresponding 
distortion compensation coefficients (control coefficient values) is updated. 

With the "Distortion Compensation Circuit" recited in Kokai No. 
JP-A-11-136302 (Reference Dociunent 5), the gain deviation and orthogonal error of 
20 the quadrature modulator that causes deterioration of the accuracy of distortion 
compensation are compensated. 

However, with a conventional predistorter, although the content of the 
distortion compensation table is updated, further improvement in efficiency is desirable. 
Specifically, with a conventional predistorter, when the content of the distortion 
25 compensation table is updated, it is desirable to improve the speed of convergence of 
the distortion compensation table, improve the accuracy of the content of the distortion 
compensation table and achieve lower power consumption. 

The present invention came about in light of these conventional circumstances 
and has as its object to provide a distortion compensator that is able to improve the 
30 efiSciency of distortion compensation at the time of compensating for the distortion 
arising in an amplifier based on the correspondence between signal levels and distortion 
compensation control values that determines the mode of distortion compensation. 
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Specifically, with the present invention, when the correspondence between signal levels 
and distortion compensation control values is updated, it is possible to improve the 
speed of convergence of the distortion compensation table, improve the accuracy of the 
content of the distortion compensation table and achieve lower power consumption. 
5 Note that in comparison to the present invention to be described later, with the 

background art presented in Reference Documents 1-5 above, there is no recitation or 
suggestion of adaptive control of the number of distortion compensation control values 
which is performed in the present invention, of adaptive control of the amount by which 
the correspondence between signal levels and distortion compensation control values is 
10 updated which is performed in the present invention, or of adaptive control of the 
fi-equency at which the correspondence between signal levels and distortion 
compensation control values is updated. 

SUMMARY OF THE INVENTION 

15 The distortion compensator according to the present invention is a distortion 

compensator that compensates for distortion arising in an amplifier that amplifies a 
signal, comprising: signal level detection means that detects the level of the signal 
amplified by the amplifier, distortion compensation execution means that executes 
distortion compensation with respect to the signal amplified by the amplifier by a mode 

20 of distortion compensation corresponding to the signal level detected by the signal level 
detection means based on the correspondence between signal levels and distortion 
compensation control values that determine the mode of distortion compensation, 
distortion compensation control value correspondence update means that updates the 
correspondence between signal levels and distortion compensation control values used 

25 in the execution of distortion compensation by the distortion compensation execution 
means based on the signal amplified by the amplifier, and distortion compensation 
control value correspondence updating mode parameter value control means that 
controls the values of stipxilated parameters (objects of control) regarding the mode of 
updating by the distortion compensation control value correspondence update means. 

30 In the following, as a first aspect of the present invention, the case in which, as 

the values of stipulated parameters pertaining to the mode of updating by the distortion 
compensation control value correspondence update means, the number of pairs of 
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corresponding signal levels and distortion compensation control values in the 
correspondence between signal levels and distortion compensation control values 
updated by the distortion compensation control value correspondence update means is 
used. 

5 In addition, as a second aspect of the present invention, the case in which, as 

the values of stipulated parameters pertaining to the mode of updating by the distortion 
compensation control value correspondence update means, the amount by which the 
correspondence between signal levels and distortion compensation control values is 
updated by the distortion compensation control value correspondence update means is 
10 used. 

In addition, as a third aspect of the present invention, the case in which, as the 
values of stipulated parameters pertaining to the mode of updating by the distortion 
compensation control value correspondence update means, the frequency at which the 
correspondence between signal levels and distortion compensation control values is 
15 updated by the distortion compensation control value correspondence update means is 
used. 

In order to achieve the aforementioned objects, the distortion compensator 
according to the first aspect of the present invention compensates for distortion arising 
in an amplifier that amplifies a signal as described below. 

20 To wit, the signal level detection means detects the level of the signal amplified 

by the amplifier, the distortion compensation execution means executes distortion 
compensation with respect to the signal amplified by the amplifier by a mode of 
distortion compensation corresponding to the signal level detected by the signal level 
detection means based on the correspondence between signal levels and distortion 

25 compensation control values that determine the mode of distortion compensation. 

In addition, the distortion compensation control value correspondence update 
means updates the correspondence between signal levels and distortion compensation 
control values used in the execution of distortion compensation by the distortion 
compensation execution means based on the signal amplified by the amplifier, and the 

30 distortion compensation control value number control means controls the number of 
pairs of corresponding signal levels and distortion compensation control values in the 
correspondence between signal levels and distortion compensation control values 
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updated by the distortion compensation control value correspondence update means. 

Accordingly, when updating the correspondence between signal levels and 
distortion compensation control values that determine the mode of distortion 
compensation, it is possible to improve the efficiency of distortion compensation by 
5 controlling the number of pairs of corresponding signal levels and distortion 
compensation control values. Specifically, as a general trend, if the number of pairs is 
decreased, the accuracy of distortion compensation may not be very high but it is 
possible to decrease the burden of this updating process and also increase the speed of 
this updating process, but conversely if the number of pairs is increased, the burden of 

10 this updating process may not be very small, but it is possible to increase the accuracy 
of distortion compensation. 

In order to achieve the aforementioned objects, the distortion compensator 
according to the second aspect of the present invention compensates for distortion 
arising in an amplifier that amplifies a signal as described below. 

15 To wit, the signal level detection means detects the level of the signal amplified 

by the amplifier, the distortion compensation execution means executes distortion 
compensation with respect to the signal amplified by the amplifier by a mode of 
distortion compensation corresponding to the signal level detected by the signal level 
detection means based on the correspondence between signal levels and distortion 

20 compensation control values that determine the mode of distortion compensation. 

In addition, the distortion compensation control value correspondence update 
means updates the correspondence between signal levels and distortion compensation 
control values used in the execution of distortion compensation by the distortion 
compensation execution means based on the signal amplified by the amplifier, and the 

25 update amount control means controls the amount by which the correspondence 
between signal levels and distortion compensation control values is updated by the 
distortion compensation control value correspondence update means. 

Accordingly, when updating the correspondence between signal levels and 
distortion compensation control values that determine the mode of distortion 

30 compensation, it is possible to improve the efficiency of distortion compensation by 
controlling the amount by which the correspondence between signal levels and 
distortion compensation control values is updated. Specifically, as a general trend, if the 



-6- 



I t 



amount of updating is increased, the accuracy of distortion compensation may not be 
very high but it is possible to increase the speed of this updating process, but conversely 
if the amount of updating is decreased, it is possible to increase the accuracy of 
distortion compensation. 
5 In order to achieve the aforementioned objects, the distortion compensator 

according to the third aspect of the present invention compensates for distortion arising 
in an amplifier that amplifies a signal as described below. 

To wit, the signal level detection means detects the level of the signal amplified 
by the amplifier, the distortion compensation execution means executes distortion 

10 compensation with respect to the signal amplified by the amplifier by a mode of 
distortion compensation corresponding to the signal level detected by the signal level 
detection means based on the correspondence between signal levels and distortion 
compensation control values that determine the mode of distortion compensation. 

In addition, the distortion compensation control value correspondence update 

15 means updates the correspondence between signal levels and distortion compensation 
control values used in the execution of distortion compensation by the distortion 
compensation execution means based on the signal amplified by the amplifier, and the 
update frequency control means controls the frequency at which the correspondence 
between signal levels and distortion compensation control values is updated by the 

20 distortion compensation control value correspondence update means. 

Accordingly, when updating the correspondence between signal levels and 
distortion compensation control values that determine the mode of distortion 
compensation, it is possible to improve the efficiency of distortion compensation by 
controlling the fi^quency at which the correspondence between signal levels and 

25 distortion compensation control values is updated. Specifically, as a general trend, if the 
update frequency is increased, it is possible to increase the speed of this updating 
process, but conversely if the update frequency is decreased, it is possible to lower 
power consumption. 

Here, various signals may be used as the signal amplified by the amplifier. 

30 In addition, various types of amplifiers may be used as the amplifier; for 

example, one amplifier may be used or a combination of a plurality of amplifiers may 
also be used. 
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In addition, as the accuracy of compensating for the distortion arising in the 
amplifier, various types of accuracy may be used as long as they are eflfective in 
practice. 

In addition, various levels such as the power level or amplification level may 
5 be used as the signal level. 

In addition, various modes may be used as the mode of distortion 
compensation; for example, modes of executing distortion compensation may be used. 

In addition, as the distortion compensation control value, information that 
detemiines the mode of distortion compensation, for example, may be used, and 
10 specifically information that directly indicates the mode of distortion compensation, or 
information that is able to determine the mode of distortion compensation or the like 
may be used. 

In addition, various items may be used as the content of the correspondence 
between signal levels and distortion compensation control values. 

15 In addition, as the correspondence between signal levels and distortion 

compensation control values, for example, a mode in which the correspondence is 
stored in memory or other storage means until it is next updated may be used, or a mode 
in which the correspondence is kept temporarily for only the time required may be used. 
As an example, as the correspondence between signal levels and distortion 

20 compensation control values, it is possible to use one wherein a plurality of these signal 
levels corresponds to the respective distortion compensation control values may be used. 
In this case, the value of a representative level within a range of levels that the level of 
the signal amplified by the amplifier may take can be used as the plurality of signal 
levels, for example. In addition, levels spaced at equal intervals within this stipulated 

25 range of levels can be used as the representative level. In addition, a fixed range or a 
variable range may be used as this stipulated range of levels. 

In addition, as the mode of distortion compensation corresponding to the signal 
level detected by the signal level detection means, for example, a mode determined 
based on a distortion compensation control value corresponding to a signal level that 

30 agrees with this detected signal level within the signal levels corresponding to distortion 
compensation control values may be used, or a mode determined based on a distortion 
compensation control value corresponding to the signal level closest to this detected 
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signal level within the signal levels corresponding to distortion compensation control 

values may be used, or a mode determined by performing interpolation based on a 

distortion compensation control value corresponding to a signal level that agrees with or 

a signal level that does not agree with this detected signal level within the signal levels 
5 corresponding to distortion compensation control values may be used. 

In addition, a process that generates distortion in the signal amplified by the 

amplifier that is able to decrease or cancel to zero the distortion arising in the amplifier, 

for example, may be used as the process of distortion compensation for the signal 

amplified by the amplifier. 
10 In addition, a portion of the signal amplified by the amplifier used to update the 

correspondence between signal levels and distortion compensation control values, for 

example, may be used to perform the feedback-based updating process. 

In addition, various modes may be used as the mode of updating the 

correspondence between signal levels and distortion compensation control values, or a 
15 combination of various modes may be used; for example, a mode wherein only the 

distortion compensation value is updated, or a mode wherein both the signal level and 

the distortion compensation control value are updated may be used. 

In addition, in the first aspect of the present invention, various modes may be 

used as the mode of controlling the number of pairs of corresponding signal levels and 
20 distortion compensation control values in the correspondence between signal levels and 

distortion compensation control values; for example, a mode in which the situation of 

this updating of the correspondence may be used. 

In addition, in the second aspect of the present invention, various modes may 

be used as the mode of controlling the amount by which the correspondence between 
25 signal levels and distortion compensation control values is updated; for example, a 

mode in which control is performed depending on the situation of this updating of the 

correspondence may be used. 

Specifically, the distortion compensation control value correspondence update 

means updates the correspondence between signal levels and distortion compensation 
30 control values by an amount of updating controlled by the updating amount control 

means. 

In addition, as this amoimt of updating, for example, the degree of change 



-9- 



1 



between the correspondence between signal level and distortion compensation control 
values prior to this updating and the correspondence between signal levels and 
distortion compensation control values after this updating may be used. 

In addition, various amounts may be used as this degree of change; for example, 
5 the amount of change in the individual distortion compensation control values, the 
amount of change in the individual signal levels, the amount of change in the overall 
signal level, the amount of change in the number of pairs of corresponding signal levels 
and distortion compensation control values, or a combination of these may be used. 

In addition, in the third aspect of the present invention, various modes may be 
10 used as the mode of controlling the frequency at which the correspondence between 
signal levels and distortion compensation control values is updated; for example, a 
mode in which control is performed depending on the situation of this updating of the 
correspondence may be used. 

Specifically, the distortion compensation control value correspondence update 
15 means updates the correspondence between signal levels and distortion compensation 
control values on timing based on the update firequency controlled by the updating 
amount control means. 

Note that if the update frequency is low, then the number of times the updating 
is performed within the same amount of time is less than when the update frequency is 
20 high. 

In addition, as an example of a configuration of a distortion compensator 
according to the first, second or third aspect of the present invention, the distortion 
compensation execution means has a distortion compensation control value 
interpolation means as follows. 

25 To wit, the distortion compensation control value interpolation means performs 

interpolation based on a plurality of pairs of corresponding signal levels and distortion 
compensation control values in the correspondence between signal levels and distortion 
compensation control values, thereby determining the mode of distortion compensation 
corresponding to the signal level detected by the signal level detection means. 

30 Accordingly, for example, even in the case in which a signal of a signal level 

that is not determined by the correspondence between signal level and distortion 
compensation control values is input to the amplifier, by performing interpolation based 
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on the content determined by this correspondence, it is possible to determine the mode 
of distortion compensation for this signal of a signal level that is not determined. By 
using such interpolation, for example, it is possible to determine the mode of distortion 
compensation with relatively good accuracy with respect to a larger number of pairs of 
5 signal levels and distortion compensation control value than those calculated in this 
updating of the correspondence. In addition, it is possible to decrease the burden of this 
calculation and decrease the storage capacity required to store the correspondence when 
it is stored. 

Here, various types of interpolation may be used as the type of interpolation; 
10 for example, interpolation or extrapolation may be used. 

In addition, various modes may be used as the mode of performing 
interpolation; for example, a mode of performing interpolation using a proportional 
relationship or a mode of performing interpolation using a second-order or higher-order 
function can be used. 

15 In addition, various numbers may be used as the number of pairs of signal 

levels and distortion compensation control values used to perform interpolation. 

In addition, as the correspondence between the mode of distortion 
compensation and signal level obtained by interpolation, for example, a mode in which 
the results of this interpolation are stored in memory or other storage means may be 

20 used, or a mode in which the results are kept temporarily for only the time required may 
be used. 

In addition, for example, a mode wherein the pairs of corresponding distortion 
compensation control values and signal levels based on the correspondence between 
signal levels and distortion compensation control values used to perform this 
25 interpolation are reflected in the content of correspondence between signal levels and 
distortion compensation control values may be used. 

To wit, in the first aspect of the present invention, a mode wherein the pairs of 
corresponding distortion compensation control values and signal levels obtained based 
on the results of interpolation are reflected in the content of correspondence between 
30 signal levels and distortion compensation control values may be used. 

As an example of a configuration of a distortion compensator according to the 
first aspect of the present invention, the distortion compensation control value number 
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control means increases the number of pairs of corresponding signal levels and 
distortion compensation control values in the correspondence between signal levels and 
distortion compensation control values updated by the distortion compensation control 
value correspondence update means together with a decrease in the distortion 
5 components generated in the amplifier contained in the signal amplified by the amplifier. 
In addition, the distortion compensation control value number control means decreases 
the number of pairs of corresponding signal levels and distortion compensation control 
values in the correspondence between signal levels and distortion compensation control 
values updated by the distortion compensation control value correspondence update 

10 means together with an increase in the distortion components generated in the amplifier 
contained in the signal amplified by the amplifier. 

Accordingly, as the distortion components contained in the signal amplified by 
the amplifier become smaller, namely, as the components of distortion that are not 
compensated for by distortion compensation and remain in the signal after amplification 

15 (remaining distortion components) become smaller, the number of pairs of 
corresponding signal levels and distortion compensation control values is increased, so 
when the remaining distortion components are large the accuracy of distortion 
compensation is not very high but the load of the updating process becomes small and 
the speed of the updating process can be increased, but on the other hand, as these 

20 residual distortion components become larger, the number of these pairs is made 
relatively large and the accuracy of distortion compensation can be increased. Thereby, 
for example, at the time of updating the correspondence between signal levels and 
distortion compensation control values, it is possible to increase the speed of 
convergence of this updating and increase the accuracy of the content of the 

25 correspondence thus updated. 

In addition, as the distortion components contained in the signal amplified by 
the amplifier become larger, namely, as the components of distortion that are not 
compensated for by distortion compensation and remain in the signal after amplification 
(remaining distortion components) become larger, the nimiber of pairs of corresponding 

30 signal levels and distortion compensation control values is decreased. For this reason, 
for example, at the time of updating the correspondence between signal levels and 
distortion compensation control values, when the remaining distortion components 
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become large in the process of its convergence, the updating process can be perforaied 
with the number of these pairs decreased further. 

Here, a portion of the signal amplified by the amplifier used to control the 
number of pairs of corresponding signal levels and distortion compensation control 
5 values, for example, may be used to perform the feedback-based updating process. 

In addition, as the magnitude of the distortion components arising in the 
amplifier and contained in the signal amplified by the amplifier, for example, the 
magnitude of the distortion detected fi'om this amplified signal may be used, or one in 
which the magnitude of the error fi-om the true signal regarding this amplified signal is 

10 proportional to the magnitude of the distortion may be used. Note that this true signal is 
defined to be the signal amplified by the amplifier, and may be, for example, the signal 
prior to distortion being generated by the distortion compensation execution means 
(namely, the input signal). 

In addition, various modes may be used as the mode of increasing the number 

15 of pairs of corresponding signal levels and distortion compensation control values as the 
distortion components arising in the amplifier and contained in the signal amplified by 
the amplifier become smaller; for example, it is possible to set one or two or more 
threshold values pertaining to the magnitude of these distortion components, and the 
number of these sets are increased in a stepwise fashion as the magnitude of these 

20 distortion components becomes greater than or equal to the threshold value or greater 
than the threshold value. 

In addition, a mode in which the interval between the plurality of signal levels 
set in the correspondence between signal levels and distortion compensation control 
values is made smaller is used as the mode of increasing the number of pairs of 

25 corresponding signal levels and distortion compensation control values, and in this 
mode, it is possible to increase the accuracy of distortion compensation by making this 
interval small. 

In addition, various modes may be used as the mode of decreasing the nxmiber 
of pairs of corresponding signal levels and distortion compensation control values as the 
30 distortion components arising in the amplifier and contained in the signal amplified by 
the amplifier become larger. 

As an example of a configuration of a distortion compensator according to the 



-13- 



1 



second aspect of the present invention, the updating amount control means decreases the 
amount by which the correspondence between signal levels and distortion compensation 
control values is updated by the distortion compensation control value correspondence 
update means together with a decrease in the distortion components generated in the 
5 amplifier contained in the signal amplified by the amplifier. In addition, the updating 
amount control means increases the amoimt by which the correspondence between 
signal levels and distortion compensation control values is updated by the distortion 
compensation control value correspondence update means together with an increase in 
the distortion components generated in the amplifier contained in the signal amplified 

10 by the amplifier. 

Accordingly, as the distortion components contained in the signal amplified by 
the amplifier become smaller, namely, as the components of distortion that are not 
compensated for by distortion compensation and remain in the signal after amplification 
(remaining distortion components) become smaller, the amount by which the 

15 correspondence between signal levels and distortion compensation control values is 
updated is decreased, so when the remaining distortion components are large tiie 
accuracy of distortion compensation is not very high but the speed of the updating 
process is increased, but on the other hand, as these residual distortion components 
become larger, the amoimt of updating is made relatively small and the accuracy of 

20 distortion compensation can be increased. Thereby, for example, at the time of updating 
the correspondence between signal levels and distortion compensation control values, it 
is possible to increase the speed of convergence of this updating and increase the 
accuracy of the content of the correspondence thus updated. 

In addition, as the distortion components contained in the signal amplified by 

25 the amplifier become larger, namely, as the components of distortion that are not 
compensated for by distortion compensation and remain in the signal after amplification 
(remaining distortion components) become larger, the amount by which the 
correspondence between signal levels and distortion compensation control values is 
updated is increased. For this reason, for example, at the time of updating the 

30 correspondence between signal levels and distortion compensation control values, when 
the remaining distortion components become large in the process of its convergence, the 
updating process can be performed with the amoimt of updating increased fiirther. 
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Here, a portion of the signal amplified by the amplifier used to control the 
amount by which the correspondence between signal levels and distortion compensation 
control values is updated, for example, may be used to perform the feedback-based 
updating process. 

5 In addition, as the magnitude of the distortion components arising in the 

amplifier and contained in the signal amplified by the amplifier, for example, the 
magnitude of the distortion detected from this amplified signal may be used, or one in 
which the magnitude of the error from the true signal regarding this amplified signal is 
proportional to the magnitude of the distortion may be used. Note that this true signal is 

10 defined to be the signal amplified by the amplifier, and may be, for example, the signal 
prior to distortion being generated by the distortion compensation execution means 
(namely, the input signal). 

In addition, various modes may be used as the mode of decreasing the amount 
by which the correspondence between signal levels and distortion compensation control 

15 values is updated as the distortion components arising in the amplifier and contained in 
the signal amplified by the amplifier become smaller; for example, it is possible to set 
one or two or more threshold values pertaining to the magnitude of these distortion 
components, and this amount of updating is decreased in a stepwise fashion as the 
magnitude of these distortion components becomes equal to or less than the threshold 

20 value or less than the threshold value. 

In addition, various modes may be used as the mode of increasing the amoimt 
by which the correspondence between signal levels and distortion compensation control 
values is updated as the distortion components arising in the amplifier and contained in 
the signal amplified by the amplifier become larger. 

25 As an example of a configuration of a distortion compensator according to the 

third aspect of the present invention, the updating frequency control means decreases 
the frequency at which the correspondence between signal levels and distortion 
compensation control values is updated by the distortion compensation control value 
correspondence update means together with a decrease in the distortion components 

30 generated in the amplifier contained in the signal amplified by the amplifier. In addition, 
the updating frequency control means increases the frequency at which the 
correspondence between signal level and distortion compensation control values is 
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updated by the distortion compensation control value correspondence update means 
together with an increase in the distortion components generated in the amplifier 
contained in the signal amplified by the amplifier. 

Accordingly, as the distortion components contained in the signal amplified by 
5 the amplifier become smaller, namely, as the components of distortion that are not 
compensated for by distortion compensation and remain in the signal after amplification 
(remaining distortion components) become smaller, the frequency at which the 
correspondence between signal levels and distortion compensation control values is 
updated is decreased, so when the remaining distortion components are large the speed 

10 of the updating process is increased, but on the other hand, as these residual distortion 
components become larger, the power consumption can be made relatively low. Thereby, 
for example, at the time of updating the correspondence between signal levels and 
distortion compensation control values, it is possible to increase the speed of 
convergence of this updating and lower the power consumption. 

15 In addition, as the distortion components contained in the signal amplified by 

the amplifier become larger, namely, as the components of distortion that are not 
compensated for by distortion compensation and remain in the signal after amplification 
(remaining distortion components) become larger, the frequency at which the 
correspondence between signal levels and distortion compensation control values is 

20 updated is increased. For this reason, for example, at the time of updating the 
correspondence between signal levels and distortion compensation control values, when 
the remaining distortion components become large in the process of its convergence, the 
updating process can be performed with the update frequency increased further. 

Here, a portion of the signal amplified by the amplifier used to control the 

25 frequency at which the correspondence between signal levels and distortion 
compensation control values is updated, for example, may be used to perform the 
feedback-based updating process. 

In addition, as the magnitude of the distortion components arising in the 
amplifier and contained in the signal amplified by the amplifier, for example, the 

30 magnitude of the distortion detected from this amplified signal may be used, or one in 
which the magnitude of the error from the true signal regarding this amplified signal is 
proportional to the magnitude of the distortion may be used. Note that this true signal is 
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defined to be the signal amplified by the amplifier, and may be, for example, the signal 
prior to distortion being generated by the distortion compensation execution means 
(namely, the input signal). 

In addition, various modes may be used as the mode of decreasing the 
5 frequency at which the correspondence between signal levels and distortion 
compensation control values is updated as the distortion components arising in the 
amplifier and contained in the signal amplified by the amplifier become smaller; for 
example, it is possible to set one or two or more threshold values pertaining to the 
magnitude of these distortion components, and this update frequency is decreased m a 

10 stepwise fashion as the magnitude of these distortion components becomes equal to or 
less than the threshold value or less than the threshold value. 

In addition, various modes may be used as the mode of increasing the 
frequency at which the correspondence between signal levels and distortion 
compensation control values is updated as the distortion components arising in the 

1 5 amplifier and contained in the signal amplified by the amplifier become larger. 

As an example of a configuration of a distortion compensator according to the 
first aspect of the present invention, the distortion compensation control value number 
control means has an elapsed time measurement means that measures the elapsed time 
in the processing of the signal subject to amplification by the amplifier. Moreover, the 

20 distortion compensation control value number control means increases the number of 
pairs of corresponding signal levels and distortion compensation control values in the 
correspondence between signal levels and distortion compensation control values 
updated by the distortion compensation control value correspondence update means 
together with an increase in the elapsed time measured by the elapsed time 

25 measurement means. 

Accordingly, as the elapsed time in the processing of signals subject to 
amplification by the amplifier becomes larger, namely, as the accuracy of distortion 
compensation is improved and the components of distortion that are not compensated 
for by this distortion compensation and remain in the signal after amplification 

30 (remaining distortion components) are assimied to become smaller with the elapsed time, 
the number of pairs of corresponding signal levels and distortion compensation control 
values is increased, so when this elapsed time is small the accuracy of distortion 
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compensation is not very high but the load of the updating process becomes small and 
the speed of the updating process can be increased, but on the other hand, as this elapsed 
time becomes larger, the number of these pairs is made relatively large and the accuracy 
of distortion compensation can be increased. Thereby, for example, at the time of 
5 updating the correspondence between signal levels and distortion compensation control 
values, it is possible to increase the speed of convergence of this updating and increase 
the accuracy of the content of the correspondence thus updated. 

Here, the time measured starting from various points in time may be used as 
the elapsed time for the signal subject to amplification by the amplifier; for example, the 

10 time measured starting from such a point in time at which the accuracy of the distortion 
compensation is found to have been improved by updating the correspondence between 
signal levels and distortion compensation control values may be used. As an example, a 
mode wherein the point in time at which a series of signals subject to amplification by 
an amplifier is input is taken to be the zero point and the elapsed time is measured 

1 5 thereafter may be used. 

In addition, various modes may be used as the mode of increasing the number 
of pairs of corresponding signal levels and distortion compensation control values as the 
elapsed time becomes larger; for example, it is possible to set one or two or more 
threshold values pertaining to the magnitude of this elapsed time, and the number of 

20 these sets are increased in a stepwise fashion as the magnitude of this elapsed time 
becomes greater than or equal to the threshold value or greater than the threshold value. 

In addition, for example, a mode in which the interval between the plurality of 
signal levels set in the correspondence between signal levels and distortion 
compensation control values is made smaller may be used as the mode of increasing the 

25 number of pairs of corresponding signal levels and distortion compensation control 
values, and in this mode, it is possible to increase the accviracy of distortion 
compensation by making this interv£il small. 

As an example of a configuration of a distortion compensator according to the 
second aspect of the present invention, the update amoimt control means has an elapsed 

30 time measurement means that measures the elapsed time in the processing of the signal 
subject to amplification by the amplifier. Moreover, the update amount control means 
decreases the amount by which the correspondence between signal levels and distortion 
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compensation control values is updated by the distortion compensation control value 
correspondence update means together with an increase in the elapsed time measured by 
the elapsed time measurement means. 

Accordingly, as the elapsed time in the processing of signals subject to 
5 amplification by the amplifier becomes larger, namely, as the accuracy of distortion 
compensation is improved and the components of distortion that are not compensated 
for by this distortion compensation and remain in the signal after amplification 
(remaining distortion components) are assumed to become smaller with the elapsed time, 
the amount by which the correspondence between signal levels and distortion 

10 compensation control values is updated is increased, so when this elapsed time is small 
the accuracy of distortion compensation is not very high but the speed of the updating 
process can be increased, but on the other hand, as this elapsed time becomes larger, the 
amoxmt of updating is made relatively large and the accuracy of distortion compensation 
can be increased. Thereby, for example, at the time of updating the correspondence 

15 between signal levels and distortion compensation control values, it is possible to 
increase the speed of conveigence of this updating and increase the accuracy of the 
content of the correspondence thus updated. 

Here, the time measured starting from various points in time may be used as 
the elapsed time for the signal subject to amplification by the amplifier; for example, the 

20 time measured starting from such a point in time at which the accuracy of the distortion 
compensation is found to have been improved by updating the correspondence between 
signal levels and distortion compensation control values may be used. As an example, a 
mode wherein the point in time at which a series of signals subject to amplification by 
an amplifier is input is taken to be the zero point and the elapsed time is measured 

25 thereafter may be used. 

In addition, various modes may be used as the mode of increasing the amoimt 
by which the correspondence between signal levels and distortion compensation control 
values is updated as the elapsed time becomes larger; for example, it is possible to set 
one or two or more threshold values pertaining to the magnitude of this elapsed time, 

30 and this amount of updating is increased in a stepwise fashion as the magnitude of this 
elapsed time becomes greater than or equal to the threshold value or greater than the 
threshold value. 
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As an example of a configuration of a distortion compensator according to the 
third aspect of the present invention, the update frequency control means has an elapsed 
time measurement means that measures the elapsed time in the processing of the signal 
subject to amplification by the amplifier. Moreover, the update frequency control means 
5 decreases the firequency at which the correspondence between signal levels and 
distortion compensation control values is updated by the distortion compensation 
control value correspondence update means together with an increase in the elapsed 
time measured by the elapsed time measurement means. 

Accordingly, as the elapsed time in the processing of signals subject to 

10 amplification by the amplifier becomes larger, namely, as the accuracy of distortion 
compensation is improved and the components of distortion that are not compensated 
for by this distortion compensation and remain . in the signal after amplification 
(remaining distortion components) are assumed to become smaller with the elapsed time, 
the firequency at which the correspondence between signal levels and distortion 

IS compensation control values is updated is increased, so when this elapsed time is small 
the speed of the updating process can be increased, but on the other hand, as this elapsed 
time becomes larger, the update fi-equency is made relatively low so the power 
consumption can be lowered. Thereby, for example, at the time of updating the 
correspondence between signal levels and distortion compensation control values, it is 

20 possible to increase the speed of convergence of this updating and lower the power 
consumption. 

Here, the time measured starting fi'om various points in time may be used as 
the elapsed time for the signal subject to amplification by the amplifier; for example, the 
time measured starting fi"om such a point in time at which the accuracy of the distortion 
25 compensation is found to have been improved by updating the correspondence between 
signal levels and distortion compensation control values may be used. As an example, a 
mode wherein the point in time at which a series of signals subject to amplification by 
an amplifier is input is taken to be the zero point and the elapsed time is measured 
thereafter may be used. 

30 In addition, various modes may be used as the mode of decreasing the 

fi-equency at which the correspondence between signal levels and distortion 
compensation control values is updated as the elapsed time becomes laiger; for example. 
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it is possible to set one or two or more threshold values pertaining to the magnitude of 
this elapsed time, and this update frequency is decreased in a stepwise fashion as the 
magnitude of this elapsed time becomes greater than or equal to the threshold value or 
greater than the threshold value. 
5 In addition, as an example of a configuration of a distortion compensator 

according to the first aspect of the present invention, the distortion compensation 
control value number control means controls the number of pairs of corresponding 
signal levels and distortion compensation control values in the correspondence between 
signal levels and distortion compensation control values updated by the distortion 
10 compensation control value correspondence update means based on a correspondence 
between the nxmiber of distortion compensation control values and stipulated conditions 
to a number of distortion compensation control values that corresponds to the 
conditions. 

Accordingly, by identifying the number of distortion compensation control 
15 values corresponding to conditions based on the correspondence between the number of 
distortion compensation control values and the stipulated conditions, and controlling the 
nimiber of pairs of corresponding signal levels and distortion compensation control 
values to this identified number of distortion compensation control values, it is possible 
to control this number of pairs. 
20 Here, various conditions may be used as the stipulated conditions; for example, 

conditions pertaining to the magnitude of the distortion arising in the amplifier 
contained in the signal amplified by the amplifier, conditions pertaining to error from 
the true signal pertaining to the signal amplified by the amplifier, or conditions 
pertaining to the elapsed time in the processing of the signal subject to amplification by 
25 the amplifier may be used. 

In addition, various items may be used as the content of the correspondence 
between the number of distortion compensation control values and the stipulated 
conditions. 

In addition, the correspondence between the number of distortion compensation 
30 control values and the stipulated conditions may be determined in advance and stored as 
a table or the like in memory or other storage means. 

In addition, as an example of a configuration of a distortion compensator 
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according to the second aspect of the present invention, the update amount control 
means controls the amount by which the correspondence between signal levels and 
distortion compensation control values is updated by the distortion compensation 
control value correspondence update means based on a correspondence between the 
5 quantity of updating and stipulated conditions. 

Accordingly, by identifying the amount of updating corresponding to 
conditions based on the correspondence between the amount of updating and the 
stipulated conditions, and controlling the amount by which the correspondence between 
signal levels and distortion compensation control values is updated to this identified 
10 amoimt of updating, it is possible to control this amount of updating the 
correspondence. 

Here, various conditions may be used as the stipulated conditions; for example, 

conditions pertaining to the magnitude of the distortion arising in the amplifier 

contained m the signal amplified by the amplifier, conditions pertaining to error fi*om 
15 the true signal pertaining to the signal amplified by the amplifier, or conditions 

pertaining to the elapsed time in the processing of the signal subject to amplification by 

the amplifier may be used. 

In addition, various items may be used as the content of the correspondence 

between the amount of updating and the stipulated conditions. 
20 In addition, the correspondence between the amount of updating and the 

stipulated conditions may be determined in advance and stored as a table or the like in 

memory or other storage means. 

In addition, an example of a configuration of a distortion compensator 

according to the third aspect of the present invention, the update frequency control 
25 means controls the frequency at which the correspondence between signal levels and 

distortion compensation control values is updated by the distortion compensation 

control value correspondence update means based on a correspondence between the 

update frequency and stipulated conditions. 

Accordingly, by identifying the update frequency corresponding to conditions 
30 based on the correspondence between the update frequency and the stipulated 

conditions, and controlling the frequency at which the correspondence between signal 

levels and distortion compensation control values is updated to this identified update 
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frequency, it is possible to control the update frequency of this correspondence. 

Here, various conditions may be used as the stipulated conditions; for example, 
conditions pertaining to the magnitude of the distortion arising in the amplifier 
contained in the signal amplified by the amplifier, conditions pertaining to error from 
5 the true signal pertaining to the signal amplified by the amplifier, or conditions 
pertaining to the elapsed time in the processing of the signal subject to amplification by 
the amplifier may be used. 

In addition, various items may be used as the content of the correspondence 
between the update frequency and the stipulated conditions. 
10 In addition, the correspondence between the update frequency and the 

stipulated conditions may be determined in advance and stored as a table or the like in 
memory or other storage means. 

Here follows a description of a fiirther example of a configuration of a 
distortion compensator according to the first, second or third aspect of the present 
1 5 invention including those presented above. 

As an example of a configuration of the distortion compensator according to 
the present invention, the distortion compensation control value correspondence update 
means updates the correspondence between signal levels and distortion compensation 
control values used in the execution of distortion compensation by the distortion 
20 compensation execution means so that the distortion components arising in the amplifier 
included in the signal amplified by the amplifier are decreased. 

Here, various modes may be used as the mode of updating the correspondence 
between signal levels and distortion compensation control values so that the distortion 
components arising in the amplifier included in the signal amplified by the amplifier are 
25 decreased; for example, a mode of performing control so that these distortion 
components are minimized is preferably used. 

As an example of a configuration of the distortion compensator according to 
the present invention, the distortion compensation execution means comprises a 
distortion compensation control value correspondence storage means and a 
30 distortion-compensating distortion generation means. Moreover, the distortion 
compensation control value correspondence storage means stores the correspondence 
between signal levels and distortion compensation control values, while the 
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distortion-compensating distortion generation means generates distortion with respect to 
the signal amplified by the amplifier in a distortion compensation mode corresponding 
to the signal level detected by the signal level detection means based on the content 
stored in the distortion compensation control value correspondence storage means. In 
5 addition, the distortion compensation control value correspondence update means 
updates the correspondence between signal levels and distortion compensation control 
values stored in the distortion compensation control value correspondence storage 
means based on the signal amplified by the amplifier. 

Here, distortion that is able to decrease or cancel to zero the distortion arising 

10 in the amplifier, for example, may be used as the distortion generated by the 
distortion-compensating distortion generation means. 

In addition, distortion in the amplitude of the signal or distortion in the phase of 
the signal, for example, may be used as the distortion. As a specific example, the 
distortion-compensating distortion generation means may generate amplitude distortion 

15 that decreases or cancels to zero the distortion in amplitude generated by the amplifier 
and also generate phase distortion that decreases or cancels to zero the distortion in 
phase generated by the amplifier. 

As an example of a configuration of the distortion compensator according to 
the first aspect of the present invention (hereinafter referred to as Configuration Al), the 

20 distortion compensation control value number control means controls the number of 
pairs of corresponding signal levels and distortion compensation control values in the 
correspondence between signal levels and distortion compensation control values 
updated by the distortion compensation control value correspondence update means 
based on the signal amplified by the amplifier, 

25 In addition, an example of a configuration of Configuration Al of the distortion 

compensator according to the present invention, the distortion compensation control 
value number control means has a distortion component detection means that detects the 
distortion components arising in the amplifier contained in the signal amplified by the 
amplifier. Moreover, the distortion compensation control value number control means 

30 increases the nxmiber of pairs of corresponding signal levels and distortion 
compensation control values in the correspondence between signal levels and distortion 
compensation control values updated by the distortion compensation control value 
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correspondence update means together with a decrease in the distortion components 
detected by the distortion component detection means. In addition, the distortion 
compensation control value number control means decreases the number of pairs of 
corresponding signal levels and distortion compensation control values in the 
5 correspondence between signal levels and distortion compensation control values 
updated by the distortion compensation control value correspondence update means 
together with an increase in the distortion components detected by the distortion 
component detection means. 

Here, various ways of detecting the distortion components arising in the 

10 amplifier contained in the signal amplified by the amplifier may be used; for example, 
the way of detecting components in the fi-equency band of this distortion in this signal 
as distortion components can be used. 

In addition, the distortion component detection means may detect the power 
level or amplitude level of the distortion components, for example. 

15 Fxirthermore, as an example of a configuration of the distortion compensator 

according to the present invention, the distortion compensation control value number 
control means controls the number of pairs of corresponding signal levels and distortion 
compensation control values in the correspondence between signal levels and distortion 
compensation control values updated by the distortion compensation control value 

20 correspondence update means based on the correspondence between the distortion 
compensation control value nimibers and distortion components, to the distortion 
compensation control value numbers corresponding to the distortion components 
detected by the distortion component detection means. 

In addition, another example of a configuration of Configuration Al of the 

25 distortion compensator according to the present invention comprises a signal 
modulation means that modulates the signal before amplification by the amplifier. In 
addition, the distortion compensation control value number control means has signal 
demodulation means that demodulates the signal amplified by the amplifier, and error 
detection means that detects error in the signal amplified by the amplifier pertaining to 

30 the results of demodulation by the signal demodulation means. Moreover, the distortion 
compensation control value number control means increases the number of pairs of 
corresponding signal levels and distortion compensation control values in the 
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correspondence between signal levels and distortion compensation control values 
updated by the distortion compensation control value correspondence update means 
together with a decrease in the error detected by the error detection means. In addition, 
the distortion compensation control value number control means decreases the number 
5 of pairs of corresponding signal levels and distortion compensation control values in the 
correspondence between signal levels and distortion compensation control values 
updated by the distortion compensation control value correspondence update means 
together with an increase in the error detected by the error detection means. 

Here, the method of modulation performed by the signal modulation means 

10 corresponds to the method of demodulation performed by the signal demodulation 
means, and various methods may be used for these methods. 

In addition, the difference from the true signal pertaining to the results of 
modulation is used as the error in the signal amplified by the amplifier pertaining to the 
results of demodulation, and this difference can be assumed to be proportional to the 

15 magnitude of the distortion arising in the amplifier contained in the signal amplified by 
the amplifier. 

In addition, the power level or amplitude level or another level may be used as 
the error. 

Furthermore, with the distortion compensator according to the present 
20 invention, the distortion compensation control value nimiber control means controls the 
number of pairs of corresponding signal levels and distortion compensation control 
values in the correspondence between signal levels and distortion compensation control 
values updated by the distortion compensation control value correspondence update 
means based on the correspondence between the distortion compensation control value 
25 numbers and error, to the distortion compensation control value numbers corresponding 
to the error detected by the error detection means. 

As an example of a configuration of a distortion compensator according to the 
present invention, in a constitution in which the number of pairs of corresponding signal 
levels and distortion compensation control values is controlled depending on the elapsed 
30 time, the elapsed time measurement means measures the elapsed time based on the point 
in time when the distortion compensation processing is started on the signal subject to 
amplification by the amplifier. 
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Here, as the point in time when the distortion compensation processing is 
started on the signal subject to amplification by the amplifier, the point in time when 
this signal is input, or the point in time at which the content of correspondence between 
signal levels and distortion compensation control values pertaining to this signal or the 
5 like may be used. 

In addition, as the mode of measuring the elapsed time using this point in time 
as the reference, for example, a mode wherein the elapsed time at this point in time is 
taken to be zero and the elapsed time thereafter is measured may be used. 

Furthermore, as an example of a configuration of the distortion compensator 

10 according to the present invention, the distortion compensation control value number 
control means controls the number of pairs of corresponding signal levels and distortion 
compensation control values in the correspondence between signal levels and distortion 
compensation control values updated by the distortion compensation control value 
correspondence update means based on the correspondence between the distortion 

15 compensation control value numbers and elapsed time, to the distortion compensation 
control value numbers corresponding to the elapsed time measured by the elapsed time 
measurement means. 

As an example of a configuration of the distortion compensator according to 
the second aspect of the present invention (hereinafter referred to as Configuration A2), 

20 the update amount control means controls the amount by which the correspondence 
between signal levels and distortion compensation control values is updated by the 
distortion compensation control value correspondence update means based on the signal 
amplified by the amplifier. 

In addition, an example of a configuration of Configuration A2 of the distortion 

25 compensator according to the present invention, the update amount control means has a 
distortion component detection means that detects the distortion components arising in 
the amplifier contained in the signal amplified by the amplifier. Moreover, the update 
amount control means decreases the amount by which the correspondence between 
signal levels and distortion compensation control values is updated by the distortion 

30 compensation control value correspondence update means together with a decrease in 
the distortion components detected by the distortion component detection means. In 
addition, the update amoimt control means increases the amount by which the 



-27- 



correspondence between signal levels and distortion compensation control values is 
updated by the distortion compensation control value correspondence update means 
together with an increase in the distortion components detected by the distortion 
component detection means. 
5 Here, various ways of detecting the distortion components arising in the 

amplifier contained in the signal amplified by the amplifier may be used; for example, 
the way of detecting components in the frequency band of this distortion in this signal 
as distortion components can be used. 

In addition, the distortion component detection means may detect the power 

10 level or amplitude level of the distortion components, for example. 

Furthermore, as an example of a configuration of the distortion compensator 
according to the present invention, the update amount control means controls the 
amount by which the correspondence between signal levels and distortion compensation 
control values is updated by the distortion compensation control value correspondence 

15 update means based on the correspondence between the amount of updating and 
distortion components, to the amount of updating corresponding to the distortion 
components detected by the distortion component detection means. 

In addition, another example of a configuration of Configuration A2 of the 
distortion compensator according to the present invention comprises a signal 

20 modulation means that modulates the signal before amplification by the amplifier. In 
addition, the update amount control means has signal demodulation means that 
demodulates the signal amplified by the amplifier, and error detection means that 
detects error in the signal amplified by the amplifier pertaining to the results of 
demodulation by the signal demodulation means. Moreover, the update amount control 

25 means decreases the amoimt by which the correspondence between signal levels and 
distortion compensation control values is updated by the distortion compensation 
control value correspondence update means together with a decrease in the error 
detected by the error detection means. In addition, the update amount control means 
increases the amount by which the correspondence between signal levels and distortion 

30 compensation control values is updated by the distortion compensation control value 
correspondence update means together with an increase in the error detected by the 
error detection means. 
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Here, the method of modulation perfomied by the signal modulation means 
corresponds to the method of demodulation performed by the signal demodulation 
means, and various methods may be used for these methods. 

In addition, the difiference from the true signal pertaining to the results of 
5 modulation is used as the error in the signal amplified by the amplifier pertaining to the 
results of demodulation, and this difference can be assumed to be proportional to the 
magnitude of the distortion arising in the amplifier contained in the signal amplified by 
the amplifier. 

In addition, the power level or amplitude level or another level may be used as 
10 the error. 

Furthermore, as an example of the configuration of the distortion compensator 
according to the present invention, the update amount control means controls the 
amount by which the correspondence between signal levels and distortion compensation 
control values is updated by the distortion compensation control value correspondence 
15 update means based on the correspondence between the amount of updating and error, 
to the amount of updating corresponding to the error detected by the error detection 
means. 

As an example of a configuration of a distortion compensator according to the 
present invention, in a constitution in which the amount by which the correspondence 

20 between signal levels and distortion compensation control values is updated by the 
distortion compensation control value correspondence update means is controlled 
depending on the elapsed time, the elapsed time measurement means measures the 
elapsed time based on the point in time when the distortion compensation processing is 
started on the signal subject to amplification by the amplifier. 

25 Here, as the point in time when the distortion compensation processing is 

started on the signal subject to amplification by the amplifier, the point in time when 
this signal is input, or the point in time at which the content of correspondence between 
signal levels and distortion compensation control values pertaining to this signal or the 
like may be used. 

30 In addition, as the mode of measuring the elapsed time using this point in time 

as the reference, for example, a mode wherein the elapsed time at this point in time is 
taken to be zero and the elapsed time thereafter is measured may be used. 
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Furthermore, as an example of a configuration of the distortion compensator 
according to the present invention, the update amount control means controls the 
amoimt by which the correspondence between signal levels and distortion compensation 
control values is updated by the distortion compensation control value correspondence 
5 update means based on the correspondence between the amount of updating and elapsed 
time, to the amoimt of updating corresponding to the elapsed time measured by the 
elapsed time measurement means. 

As an example of a configuration of the distortion compensator according to 
the third aspect of the present invention (hereinafter referred to as Configuration A3), 

10 the update firequency control means controls the firequency at which the correspondence 
between signal levels and distortion compensation control values is updated by the 
distortion compensation control value correspondence update means based on the signal 
amplified by the amplifier. 

In addition, an example of a configuration of Configuration A3 of the distortion 

15 compensator according to the present invention, the update frequency control means has 
a distortion component detection means that detects the distortion components arising in 
the amplifier contained in the signal ampUfied by the amplifier. Moreover, the update 
firequency control means decreases the fi'equency at which the correspondence between 
signal levels and distortion compensation control values is updated by the distortion 

20 compensation control value correspondence update means together with a decrease in 
the distortion components detected by the distortion component detection means. In 
addition, the update fi-equency control means increases the fi-equency at which the 
correspondence between signal levels and distortion compensation control values is 
updated by the distortion compensation control value correspondence update means 

25 together with an increase in the distortion components detected by the distortion 
component detection means. 

Here, various ways of detecting the distortion components arising in the 
amplifier contained in the signal amplified by the amplifier may be used; for example, 
the way of detecting components in the firequency band of this distortion in this signal 

30 as distortion components can be used. 

In addition, the distortion component detection means may detect the power 
level or amplitude level of the distortion components, for example. 



-30- 



Furthermore, as an example of a configuration of the distortion compensator 
according to the present invention, the update frequency control means controls the 
frequency at which the correspondence between signal levels and distortion 
compensation control values is updated by the distortion compensation control value 
5 correspondence update means based on the correspondence between the update 
frequency and distortion components, to the update frequency corresponding to the 
distortion components detected by the distortion component detection means. 

In addition, another example of a configuration of Configuration A3 of the 
distortion compensator according to the present invention comprises a signal 

10 modulation means that modulates the signal before ampUfication by the amplifier. In 
addition, the update frequency control means has signal demodulation means that 
demodulates the signal amplified by the amplifier, and error detection means that 
detects error in the signal amplified by the amplifier pertaining to the results of 
demodulation by the signal demodulation means. Moreover, the update frequency 

15 control means decreases the frequency at which the correspondence between signal 
levels and distortion compensation control values is updated by the distortion 
compensation control value correspondence update means together with a decrease in 
the error detected by the error detection means. In addition, the update frequency 
control means increases the frequency at which the correspondence between signal 

20 levels and distortion compensation control values is updated by the distortion 
compensation control value correspondence update means together with an increase in 
the error detected by the error detection means. 

Here, the method of modulation performed by the signal modulation means 
corresponds to the method of demodulation performed by the signal demodulation 

25 means, and various methods may be used for these methods. 

In addition, the difference from the true signal pertaining to the results of 
modulation is used as the error in the signal amplified by the amplifier pertaining to the 
results of demodulation, and this difference can be assumed to be proportional to the 
magnitude of the distortion arising in the amplifier contained in the signal amplified by 

30 the amplifier. 

In addition, the power level or amplitude level or another level may be used as 
the error. 
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Furthermore, as an example of the configuration of the distortion compensator 
according to the present invention, the update frequency control means controls the 
frequency at which the correspondence between signal levels and distortion 
compensation control values is updated by the distortion compensation control value 
5 correspondence update means based on the correspondence between the update 
frequency and error, to the update frequency corresponding to the error detected by the 
error detection means. 

In addition, as an example of a configuration of a distortion compensator 
according to the present invention, in a constitution in which the frequency at which the 

10 correspondence between signal levels and distortion compensation control values is 
updated by the distortion compensation control value correspondence update means is 
controlled depending on the elapsed time, the elapsed time measurement means 
measures the elapsed time based on the point in time when the distortion compensation 
processing is started on the signal subject to amplification by the amplifier. 

15 Here, as the point in time when the distortion compensation processing is 

started on the signal subject to amplification by the amplifier, the point in time when 
this signal is input, or the point in time at which the content of correspondence between 
signal levels and distortion compensation control values pertaining to this signal or the 
like may be used. 

20 In addition, as the mode of measuring the elapsed time using this point in time 

as the reference, for example, a mode wherein the elapsed time at this point in time is 
taken to be zero and the elapsed time thereafter is measured may be used. 

Furthermore, as an example of a configuration of the distortion compensator 
according to the present invention, the update frequency control means controls the 

25 frequency at which the correspondence between signal levels and distortion 
compensation control values is updated by the distortion compensation control value 
correspondence update means based on the correspondence between the update 
frequency and elapsed time, to the update frequency corresponding to the elapsed time 
measured by the elapsed time measurement means. 

30 The distortion compensator according to the first, second and third aspects of 

the present invention as described above may be applied to the base station units or 
relay amplifier units provided in a mobile communications system, for example. 
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As an example, with the base station units according to the present invention, 
distortion compensators such as those described above are provided, and these distortion 
compensators compensate for the distortion arising in the amplifiers that amplify the 
signals that are transmitted wirelessly to the mobile station units. 
5 Here, various systems such as cellular phone systems or Personal Handy phone 

Systems (PHS) may be used as the mobile communications system. 

In addition, various commumcation protocols can be used as the 
commimication protocol; for example. Code Division Multiple Access (CDMA), Time 
Division Multiple Access (TDMA), Frequency Division Multiple Access (FDMA) or 
10 other commimications protocols may be used. 

In addition, units of various constitutions may be used as the base station units, 
relay amplifier xmits or mobile station units of the mobile communications system. 

In addition, as an example, the base station xmit according to the present 
invention may consist of a base station unit of a mobile conununications system that 
1 5 adopts the W-CDMA protocol. 

In addition, as an example, the base station unit according to the present 
invention uses a common amplifier as the amplifier that performs distortion 
compensation with a distortion compensator, and a multi-carrier signal is amplified by 
this common amplifier. 

20 Here, it is possible to amplify a signal of a plurality of signals together with the 

common amplifier. 

In addition, a signal containing signals of a plurality of frequencies is used as 
the multi-carrier signal. 

In addition, various numbers may be used as the nimiber of signals of a 
25 plurality of frequencies contained in the multi-carrier signal. 

BRIEF EXPLANATION OF THE DRAWINGS 
FIG. 1 is a diagram showing an example of the configuration of a transmission 
power amplifier equipped with a predistorter according to Embodiment 1-1, 
30 Embodiment 2- 1 and Embodiment 3- 1 . 

FIG. 2 is a diagram showing an example of the configuration of the controller. 
FIG. 3 is a diagram showing an example of an interpolation point number 
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control table. 

FIG. 4 is a diagram showing an example of a distortion compensation table. 

FIG. 5 is a diagram showing an example of the procedure for the control 
process performed by the controller. 
5 FIG. 6 is a diagram showing an example of the configuration of a transmission 

power amplifier equipped with a predistorter according to Embodiment 1-2, 
Embodiment 2-2 and Embodiment 3-2. 

FIG. 7 is a diagram showing an example of the configuration of the controller. 

FIG. 8 is a diagram showing an example of the configuration of a transmission 
10 power amplifier equipped with a predistorter according to Embodiment 1-3, 
Embodiment 2-3 and Embodiment 3-3. 

FIG. 9 is a diagram showing an example of an interpolation point number 
control table. 

FIG. 10 is a diagram showing an example of the procedure for the control 
1 5 process performed by the controller. 

FIG. 1 1 is a diagram showing an example of the configuration of a transmission 
power amplifier equipped with a predistorter according to Embodiment 1-4, 
Embodiment 2-4 and Embodiment 3-4. 

FIG. 12 is a diagram showing an example of an interpolation point update 
20 amoimt control table. 

FIG. 13 is a diagram showing an example of a distortion compensation table. 
FIG. 14 is a diagram showing an example of an interpolation point update 
amount control table. 

FIG. 15 is a diagram showing an example of an interpolation point update 
25 frequency control table. 

FIG. 16 is a diagram showing an example of an interpolation point update 
fi-equency control table. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
30 Here follows a description of embodiments of the present invention made with 

reference to drawings. 

This embodiment presents the case of applying the present invention to a 
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transmission power amplifier equipped with a predistorter provided in the base station 
unit of a mobile communications system that adopts the W-CDMA protocol. With the 
transmission power amplifier equipped with a predistorter according to this embodiment, 
at the time that a signal to be wirelessly transmitted to a mobile station unit or the like is 
5 amplified with an amplifier, the distortion arising in this amplifier is compensated for by 
a predistorter, thus decreasing the adjacent channel leak power and maintaining good 
communications quality. 

In the transmission power amplifier equipped with a predistorter according to 
this embodiment, at the time of compensating for distortion arising in an amplifier that 

10 amplifies a signal, a signal level detection function detects the level of the signal 
amplified by the amplifier, a distortion compensation execution fiinction executes 
distortion compensation with respect to the signal amplified by the amplifier by a mode 
of distortion compensation corresponding to the signal level detected by the signal level 
detection function based on the correspondence between signal levels and distortion 

15 compensation control values that determine the mode of distortion compensation, a 
distortion compensation control value correspondence update function updates the 
correspondence between signal levels and distortion compensation control values used 
in the execution of distortion compensation by the distortion compensation execution 
Amotion based on the signal amplified by the amplifier, and a distortion compensation 

20 control value correspondence updating mode parameter value control fimction controls 
the values of stipulated parameters (objects of control) regarding the mode of updating 
by the distortion compensation control value correspondence update fimction. 

In this embodiment, as a first aspect of the present invention is presented the 
case in which, as the values of stipulated parameters pertaining to the mode of updating 

25 by the distortion compensation control value correspondence update fimction, the 
number of pairs of corresponding signal levels and distortion compensation control 
values in the correspondence between signal levels and distortion compensation control 
values updated by the distortion compensation control value correspondence update 
fimction is used. 

30 In addition, as a second aspect of the present invention is presented the case in 

which, as the values of stipulated parameters pertaining to the mode of updating by the 
distortion compensation control value correspondence update fimction, the amount by 
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which the correspondence between signal levels and distortion compensation control 
values is updated by the distortion compensation control value correspondence update 
means is used. 

In addition, as a third aspect of the present invention is presented the case in 
5 which, as the values of stipulated parameters pertaining to the mode of updating by the 
distortion compensation control value correspondence update function, the frequency at 
which the correspondence between signal levels and distortion compensation control 
values is updated by the distortion compensation control value correspondence update 
means is used. 

10 Here follows a description of Embodiment 1 of the present invention. 

We shall first describe Embodiment 1-1. 

FIG. 1 is a diagram showing an example of a transmission power amplifier 
equipped with a predistorter. 

The transmission power amplifier equipped with a predistorter according to this 
1 5 embodiment is provided with a predistorter PI and an amplifier 5. 

In addition, the predistorter PI is provided with a power detector 1, distortion 
compensation table 2, attenuator 3, phase shifter 4 and a controller 6. 

We shall first describe examples of the overall configuration and operation of 
the transmission power amplifier equipped with a predistorter according to this 
20 embodiment. 

The signal subject to amplification by the amplifier 5 is input to the predistorter 
PI and distributed by the predistorter PI for input to the power detector 1, attenuator 3 
and controller 6. Note that in this embodiment, a signal in the radiofrequency (RF) band 
is input to the predistorter PI as the signal subject to amplification by the amplifier 5. 

25 The power detector 1 detects the power value of the signal input as the signal 

subject to amplification by the amplifier 5 and outputs the results of this detection to the 
distortion compensation table 2. 

The distortion compensation table 2 consists of a table that has a distortion 
compensation characteristic. Specifically, it has information indicating the 

30 correspondence between the amount of distortion compensation and the power value of 
the signal. Here, an inverse characteristic with a nonlinear characteristic in the 
amplification-phase plane generated by the amplifier 5 is used. In addition, AM-AM 
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(Amplitude Modulation-Amplitude Modulation) conversion and AM-PM (Amplitude 
Modulation-Phase Modulation) conversion are generally generated as an index of the 
power of the input signal. 

In this embodiment, as the amount of distortion compensation, information for 
5 controlling the amoimt of attenuation of signals by the attenuator 3 (the attenuator 
control amount) and information for controlling the amount of phase shift of signals by 
the phase shifter 4 (the phase shifter control amount) are kept in the distortion 
compensation table 2. 

Moreover, upon receiving input of the power value from the power detector 1 

10 the distortion compensation table 2 provides output of the attenuator control amoimt 
corresponding to that power value to the attenuator 3 and output of the phase shifter 
control amoimt corresponding to that power value to the phase shifter 4. To wit, an 
attenxiator control amount corresponding to AM-AM conversion is input to the 
atteniiator 3 so that the amplitude of the signal is controlled by this attenuator 3, while a 

15 phase shifter control amoimt corresponding to AM-PM conversion is input to the phase 
shifter 4 so that the phase of the signal is controlled by this phase shifter 4. 

The attenuator 3 may consist of a variable attenuator that provides a variable 
amount of attenuation to the signal, for example, and attenuates the input signal which is 
subject to amplification by the amplifier 5 by an amount of attenuation corresponding to 

20 the attenuator control amount input from the distortion compensation table 2, and then 
outputs the attenuated signal to the phase shifter 4. Note that in the attenuator 3, this 
attenuation may generate amplitude distortion with respect to the signal. 

The phase shifter 4 may consist of a variable phase shifter that provides a 
variable amount of phase shift to the signal, for example, and changes the phase of 

25 (phase-shifts) the signal input from the attenuator 3 by the phase shift amount input 
from the distortion compensation table 2, and then outputs the phase-shifted signal to 
the amplifier 5 as the ou^ut from the predistorter PI. Note that in the phase shifter 4, 
this attenuation may generate phase distortion with respect to the signal. 

The amplifier 5 may consist of a power amplifier, for example, which amplifies 

30 the signal input from the phase shifter 4 and outputs this amplified signal. Here, 
amplitude distortion and phase distortion are generated in the amplifier 5 when the 
signal is amplified, and these distortions are compensated for by the amplitude 
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distortion given the signal by the attenuator 3 and the phase distortion given by the 
phase shifter 4. Thereby, an amplified signal with no or reduced distortion is output to 
the outside fi-om the transmission power amplifier equipped with a predistorter 
according to this embodiment. 
5 In addition, a portion of the signal output from the amplifier 5 is divided and 

input to the controller 6 as a feedback signal. 

The controller 6 may then update the content of the distortion compensation 
table 2 in order to improve the accuracy of distortion compensation by decreasing the 
amount of distortion contained in the amplified signal based on this amplified signal 

1 0 input firom the amplifier 5 . 

In addition, in this embodiment, interpolation is used as the method of 
generating the content of the distortion compensation table 2 which is updated by the 
controller 6. Interpolation may be used in order to shorten the convergence time of the 
distortion compensation table 2, for example, or to resolve the problem of smoothing of 

15 the distortion compensation table 2. With the interpolation according to this 
embodiment, the attenuator control amoimts and phase shifter control amoimts 
corresponding to representative signal power values are calculated and the attenuator 
control amoimts and phase shifter control amounts corresponding to other signal power 
values are calculated by interpolation. 

20 Note that in this specification, the points at these representative signal power 

values are called interpolation points and the number of these interpolation points is 
called the number of interpolation points. 

Here follows a description of an example of the constitution and operation 
related to control of the number of interpolation points. 

25 FIG. 2 shows an example of the configuration of a controller CI used as the 

controller 6 of this embodiment. 

The controller 6 of this embodiment consists of a feedback controller 11, 
voltage controlled oscillator (VCO) 12, mixer 13, bandpass filter (BPF) 14, fi'equency 
converter 15, analog-to-digital (A/D) converter 16 and a calculation block (interpolation 

30 point number calculation block) 1 7. 

The feedback controller 11 controls the VCO 12, and in this embodiment, 
controls the oscillation fi-equency of the VCO 12 to a frequency at which the distortion 



-38- 



power in the desired band is extracted by the BPF 14 (to be described later). 

The VCO 12 generates a signal of the frequency controlled by the feedback 
controller 1 1 and outputs it to the mixer 13. 

The mixer 13 mixes the signal input from the VCO 12 with the amplified signal 
5 input from the amplifier 5, performs frequency conversion on this amplified signal and 
outputs the result of this mixing to the BPF 14. Here, in the controller 6 of this 
embodiment, control is exerted such that the distortion components arising in the 
amplifier 5 are included in the results of this mixing. 

The BPF 14 filters the results of mixing input from the mixer 13 and extracts 
10 components of the stipulated band, and outputs the results of this extraction to the 
frequency converter 15. Here, in the controller 6 of this embodiment, this stipulated 
band is set so that the distortion components arising in the amplifier 5 are contained in 
the results of this extraction. 

The frequency converter 15 converts the frequency of the extracted results 
15 input from the BPF 14 to a frequency near that of direct current (DC) so that the signal 
passing through the BPF 14 can be taken in by the A/D converter 16, and outputs the 
converted results of extraction to the A/D converter 16. 

The A/D converter 16 converts the extracted results input from the frequency 
converter 15 from an analog signal to a digital signal which is output to the interpolation 
20 point number calculation block 17. Here, the digital signal input to the interpolation 
point number calculation block 17 becomes information that indicates the amoimt of 
distortion generated in the amplifier 5 or an amount proportional thereto. Note that the 
amount of power, for example, may be used as the amount of distortion. 

The interpolation point number calculation block 17 calculates the number of 
25 interpolation points based on the digital signal input from the A/D converter 16 and 
exerts control over the number of interpolation points. 

Here, we shall describe in detail the process by which the interpolation point 
number calculation block 17 controls the number of interpolation points using the 
distortion power amount generated outside the band of the signal subject to 
30 amplification by the amplifier 5 as a feedback signal. 

FIG. 3 is a diagram showing an example of a table used to control the number 
of interpolation points (interpolation point number control table), where this 
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interpolation point number control table is stored in the memory of the interpolation 
point number calculation block 17. 

In the interpolation point number control table of this embodiment, the 
correspondence between the range of the distortion amount E and the number of 
5 interpolation points is set in advance. Note that the notation "or error signal" in the 
interpolation point number control table shown in FIG. 3 will be described in another 
embodiment to be described later, so it is not used in this embodiment. 

Specifically, in this embodiment, taking iV^ to be a number greater than or equal 
to 2, a group of threshold values is set up so that the relationships among the threshold 

10 values Th(]v-\) are as such: first threshold value Thi > second threshold value Thz > ... > 
(N-l)^ threshold value 772(a^_2) > (A^-1)^*' threshold value Th^N-iy In addition, a group of 
numbers of interpolation points is set up so that the relationships among the numbers of 
interpolation points A{n) are as such: first number of interpolation points Ai < second 
number of interpolation points A2< ... number of interpolation points ^(^v). 

15 Thus in the interpolation point number control table of this embodiment, the 

interpolation point update amount A\ corresponds to the case in which Th\ < the 
interpolation point update amount A2 corresponds to the case in which Th2 <E<Thu ... 
the interpolation point update amount A(n-\) corresponds to the case in which 
Th{N-\) <E< Th{M-2) and the interpolation point update amount A{N) corresponds to the 

20 case in which 0<E< Th^N-iy With this correspondence, the greater the distortion 
amount E is the smaller the nimiber of interpolation points A is controlled to be, while 
the smaller the distortion amount E is the greater the number of interpolation points A is 
controlled to be. 

FIGs. 4(a) and (b) illustrate an example of a distortion compensation table. 
25 Note that the horizontal axis presents the power of the input signal subject to 
amplification, while the vertical axis presents the control amount. Here, the attenuator 
control amount or phase shifter control amount is used as the control amount in this 
embodiment. 

In addition, the points indicated by black circles are equivalent to the 
30 interpolation pomts while the lines connecting the interpolation pomts are equivalent to 
the relationship of the control amount as a function of the input signal power obtained 
by interpolation. 
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FIG. 4(a) presents an example of a distortion compensation table in the case 
that the number of interpolation points is relatively small. This is equivalent to the 
situation in which the amount of distortion contained in the feedback signal from the 
amplifier 5 is relatively large, for example, being equivalent to a situation in the midst 
5 of the process of convergence. 

On the other hand, FIG. 4(b) presents an example of a distortion compensation 
table in the CEise that the number of interpolation points is relatively large. This is 
equivalent to the situation in which the amount of distortion contained in the feedback 
signal from the amplifier 5 is relatively small, for example, being equivalent to a 

10 situation in which the convergence is optimized or nearly optimized. 

The interpolation point number calculation block 17 performs a lookup on the 
interpolation point number control table presented in FIG. 3, and adaptively controls the 
number of interpolation points of distortion compensation table 2 depending on the 
magnitude of the distortion amount reported via A/D converter 16. At a stage such as 

15 that illustrated in FIG. 4(a) above, the nxmiber of interpolation points is small so 
high-speed convergence can be expected. On the other hand, at a stage such as that 
illustrated in FIG. 4(b) above, the number of interpolation points is large so the accuracy 
of distortion compensation can be improved. 

Here follows a description of an example of the procedure for the process of 

20 controlling the number of interpolation points performed by the controller 6 with 
reference to FIG 5. Note that the notation "or error signal" in the interpolation point 
number control table in this figure will be described in another embodiment to be 
described later, so it is not used in this embodiment. 

First of ail, the power detector 1 detects the distortion amount E (Step SI). 

25 Next, the controller 6 sets the object of control (number of interpolation points) 

to ^1 (Step S2), determines whether the distortion amount E is greater than the threshold 
value Th\ or not (Step S3). As a result, if the controller 6 determines that this distortion 
amount E is greater than the threshold value Thu the interpolation point nxraiber control 
process for this result of detection ends (Step S9). 

30 On the other hand, if the controller 6 determines that the distortion amoimt E is 

less than or equal to threshold value Thu it sets the number of interpolation points to A2 
(Step S4) and also determines whether the distortion amount E is greater than the 
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threshold value Thi or not (Step S5). As a result, if the controller 6 determines that this 
distortion amount E is greater than the threshold value 7%2, the inteipolation point 
number control process for this result of detection ends (Step S9). If this distortion 
amount E is determined to be less than or equal to threshold value Thi^ then the same 
5 process is performed for the next threshold value Th^, 

The controller 6 sequentially performs the same process for the subsequent 
threshold values. For example, if the controller 6 determines that the distortion amount 
E is less than or equal to threshold value Th(N-2), it sets the number of interpolation 
points to /l(Ar-i) (Step S6) and also determines whether the distortion amount E is greater 

10 than the threshold value T\N-i) or not (Step S7). As a result, if the controller 6 
determines that this distortion amount E is greater than the threshold value Th(N^\), the 
interpolation point number control process for this result of detection ends (Step S9). 

On the other hand, if the controller 6 determines that the distortion amount E is 
less than or equal to threshold value 77i(jv-i), it sets the nimiber of interpolation points to 

15 ^(Af) (Step S8) and the interpolation point number control process for this resxilt of 
detection ends (Step S9). 

As described above, with a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the predistorter PI that does a lookup of 
the distortion compensation table 2 to perform distortion compensation on the amplifier 

20 5, the output signal from the amplifier 5 subject to distortion compensation is fed back 
and the number of interpolation points in the generation of the distortion compensation 
table 2 is adaptively controlled depending on the distortion amount detected from this 
feedback signal. In the transmission power amplifier equipped with a predistorter 
according to this embodiment, control is exerted so that the number of interpolation 

25 points is decreased when the distortion amount in the feedback is large and the nimiber 
of interpolation points is increased when the distortion amount in the feedback is small, 
and thus the number of interpolation points is adaptively controlled by the interpolation 
method used to generate the distortion compensation table 2. 

As a specific configuration, the transmission power amplifier equipped with a 

30 predistorter according to this embodiment comprises a signal level detection function 1 
that detects the level of the signal subject to amplification by the amplifier 5, distortion 
compensation functions 2, 3 and 4 that compensate for distortion contained in this signal 
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based on the results detected by the signal level detection function 1, and a controller 6 
that controls the number of interpolation points based on the distortion amount in the 
results output from the amplifier 5, for example, at the time that the distortion 
compensation functions 2, 3 and 4 perform distortion compensation, and also updates 
5 the distortion compensation table 2 based on the results output from the amplifier 5 and 
the input signal to the predistorter PI, thereby compensating for distortion arising in the 
amplifier 5. In addition, in order to control the number of interpolation points in the 
transmission power amplifier equipped with a predistorter according to this embodiment, 
a preset interpolation point number control table is used. 

10 Accordingly, with a transmission power amplifier equipped with a predistorter 

according to this embodiment, the efficiency of the process of updating the distortion 
compensation table 2 can be improved by adaptively controlling the number of 
interpolation points of the distortion compensation table 2 as described above. 
Specifically, it is possible to increase the speed of convergence of the distortion 

15 compensation table 2 over the overall update process, and it is possible to increase the 
accuracy of distortion compensation of the predistorter PI as the convergence proceeds. 
To wit, in the process of updating the distortion compensation table 2 according to this 
embodiment, in the initial stages, the number of interpolation points is small so the 
speed of convergence is increased, but as convergence proceeds, the number of 

20 interpolation points increases so the accuracy of distortion compensation can be 
increased, thereby achieving an extremely efficient distortion compensation process 
overall. 

Note that in this embodiment, the amplifier 5 is equivalent to the amplifier 
subject to distortion compensation. 

25 In addition, in this embodiment, the distortion compensator is constituted by 

the functions of the predistorter PI . 

In addition, the signal level detection means is constituted by the fimctions of 
the power detector 1, the distortion compensation execution means is constituted by the 
functions of the distortion compensation table 2, functions of the attenuator 3 and 

30 functions of the phase shifter 4, while the distortion compensation control value 
correspondence update means and distortion compensation control value number 
control means are constituted by the functions of the controller 6, 
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In addition, in this embodiment, the distortion compensation control values are 
constituted by the control amounts at interpolation points, the correspondence between 
control amoimts and signal power values is stored in the distortion compensation table 2, 
and the mode of distortion compensation by the attenuator 3 and phase shifter 4 is 
5 determined by the control amoimt, while the number of interpolation points is 
equivalent to the number of corresponding pairs of control amounts and signal power 
values. 

In addition, in this embodiment, the distortion compensation control value 
interpolation means is constituted by the functions of the controller 6. 
10 In addition, in this embodiment, the correspondence between the number of 

interpolation points and conditions pertaining to the distortion components (distortion 
amoxmts) is stored in the interpolation point number control table. 

In addition, in this embodiment, the distortion compensation control value 
correspondence storage means is constituted by the functions of the distortion 
15 compensation table 2, the distortion-compensating distortion generation means is 
constituted by the functions of the attenuator 3 and functions of the phase shifter 4, 
while the distortion component detection means is constituted by the functions of the 
feedback controller 11, functions of the VCO 12, functions of the mixer 13 and 
functions of the BPF 14. 
20 We shall now describe Embodiment 1-2. 

FIG. 6 is a diagram showing an example of a transmission power amplifier 
equipped with a predistorter. 

The transmission power amplifier equipped with a predistorter according to this 
embodiment is provided with a predistorter P2, quadrature modulator 24, up converter 
25 25 and an amplifier 26. 

In addition, the predistorter P2 is provided with a power detector 21, distortion 
compensation table 22, vector processor 23 and a controller 27. 

We shall first describe examples of the overall configuration and operation of 
the transmission power amplifier equipped with a predistorter according to this 
30 embodiment. 

The predistorter P2 according to this embodiment is a predistorter that 
processes baseband signals, which accepts input of baseband signals consisting of I 
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components and Q components as the signal subject to amplification by the amplifier 
26. 

The baseband signal subject to amplification by the amplifier 26 is input to the 
predistorter P2 and distributed by the predistorter P2 for input to the power detector 21, 
5 vector processor 23 and controller 27. 

The power detector 21 detects the power value of the signal input as the signal 
subject to amplification by the amplifier 26 and outputs the results of this detection to 
the distortion compensation table 22. 

The distortion compensation table 22 consists of a table that has a distortion 
10 compensation characteristic. Specifically, it has information indicating the 
correspondence between the amount of distortion compensation and the power value of 
the signal. 

In this embodiment, as the amount of distortion compensation, information for 
controlling the signal processing by the vector processor 23 (the control amount) is kept 
15 in the distortion compensation table 22. 

Moreover, upon receiving input of the power value firom the power detector 21 
the distortion compensation table 22 provides output of the control amount 
corresponding to the power value to the vector processor 23. 

The vector processor 23 may consist of a complex multiplier, for example, that 
20 distorts the input signal subject to amplification by the amplifier 26 by the control 
amount input from the distortion compensation table 22, and then outputs this distorted 
signal to the quadrature modulator 24 as output fi-om the predistorter P2. Note that in the 
vector processor 23, the vector processing may add amplitude distortion and phase 
distortion to the signal. The vector processor 23 according to this embodiment may 
25 implement the fimctions of the attenuator 3 and the fimctions of the phase shifter 4 
illustrated in FIG. 1 with respect to the baseband signal. 

The quadrature modulator 24 performs the quadrature modulation process 
wherein the signal input fi*om the vector processor 23 is used for quadrature modulation 
of the carrier wave, and outputs the signal resulting firom this quadmture modulation to 
30 the up converter 25 . 

The up converter 25 converts the fi^equency of the signal input firom the 
quadrature modulator 24 up to the radiofi-equency (RF) band, and outputs the 
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frequency-converted signal to the amplifier 26. 

The amplifier 26 may consist of a power amplifier, for example, which 
amplifies the signal input from the up converter 25 and outputs this amplified signal. 
Here, amplitude distortion and phase distortion are generated in the amplifier 26 when 
5 the signal is amplified, and these distortions are compensated for by the amplitude 
distortion given the signal by the vector processor 23. Thereby, an amplified signal with 
no or reduced distortion is output to the outside from the transmission power amplifier 
equipped with a predistorter according to this embodiment. 

In addition, a portion of the signal output from the amplifier 26 is divided and 
10 input to the controller 27 as a feedback signal. 

The controller 27 may then update the content of the distortion compensation 
table 22 in order to improve the accuracy of distortion compensation by decreasing the 
amount of distortion contained in the amplified signal based on this amplified signal 
input from the amplifier 26. The controller 27 according to this embodiment may update 
15 the content of the distortion compensation table 22 using an algorithm suited to changes 
over time and environmental changes. 

In addition, in this embodiment, interpolation is used as the method of 
generating the content of the distortion compensation table 22 which is updated by the 
controller 27. With the interpolation according to this embodiment, the control amounts 
20 of the vector processor 23 corresponding to representative signal power values are 
calculated and the control amounts corresponding to other signal power values are 
calculated by interpolation. 

Here follows a description of an example of the constitution and operation 
related to control of the number of interpolation points. 
25 FIG. 7 shows an example of the configuration of a controller C2 used as the 

controller 27 of this embodiment. 

The controller 27 of this embodiment consists of a quadrature demodulator 31, 
error detector 32 and a calculation block (interpolation point number calculation block) 
33. 

30 The quadrature demodulator 31 performs the quadrature demodulation process 

on the amplified signal input from the amplifier 26, and outputs digital data consisting 
of the I signal and Q signal obtained by this quadrature demodulation to the error 
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detector 32 for use as feedback. 

The error detector 32 detects a signal consisting of the diflference between the 
signal consisting of the I component and Q component input as the signal subject to 
amplification by the amplifier 26 and the signal consisting of the I component and Q 
5 component input from the quadrature demodulator 31 as the error (in this embodiment, 
the vector error) signal, and outputs this detected error signal to the interpolation point 
number calculation block 33. Here, as this error signal, for example, the amplified 
signal after the amplification process of the amplifier 26 may be detected as components 
shifted with respect to the signal before amplification, and the distortion components 
10 arising in the amplifier 26 or components proportional thereto may be detected. 

The interpolation point number calculation block 33 calculates the number of 
interpolation points based on the error signal input fi:om the error detector 32 and exerts 
control over the number of interpolation points. 

Here the process of controlling the number of interpolation points using this 
15 error signal as a feedback signal may be implemented in the same manner as the 
interpolation point number control process described in Embodiment 1-1 above, for 
example. 

Specifically, an interpolation point number control table like that illustrated in 
FIG. 3 above is stored in the memory of the interpolation point nimiber calculation 

20 block 33 of this embodiment. In this embodiment, the "error signal" E is used instead of 
the "distortion amount" illustrated in FIG. 3 above, so the correspondence between the 
number of interpolation points and the range of the error signal E is contained in the 
interpolation point number control table. Moreover, the greater the error signal E is the 
smaller the number of interpolation points A is controlled to be, while the smaller the 

25 error signal E is the greater the number of interpolation points A is controlled to be. 

In addition, as an example of the procedure for the process of controlling the 
number of interpolation points performed by the controller 27 of this embodiment, for 
example, one like that illustrated in FIG. 5 above may be used. In this embodiment, use 
"error signal" instead of "distortion amount" in FIG. 5 above. 

30 As described above, with a transmission power amplifier equipped with a 

predistorter according to this embodiment, in the predistorter P2 that does a lookup of 
the distortion compensation table 22 to perform distortion compensation on the 
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amplifier 26, the output signal fi-om the amplifier 26 subject to distortion compensation 
is fed back and the number of interpolation points in the generation of the distortion 
compensation table 22 is adaptively controlled depending on this feedback signal and 
the error amount detected fi-om the input signal to the predistorter P2. In the 
5 transmission power amplifier equipped with a predistorter according to this embodiment, 
control is exerted so that the number of interpolation points is decreased when the 
detected error amount is large and the number of interpolation points is increased when 
this error amount is small, and thus the number of interpolation points is adaptively 
controlled by the interpolation method used to generate the distortion compensation 
10 table 22. 

As a specific configuration, the transmission power amplifier equipped with a 
predistorter according to this embodiment comprises a signal level detection fimction 21 
that detects the level of the signal subject to amplification by the amplifier 26, distortion 
compensation Amotions 22 and 23 that compensate for distortion contained in this signal 

15 based on the results detected by the signal level detection fimction 21, and a controller 
27 that controls the number of interpolation points based on the error amount in the 
results output from the amplifier 26, for example, at the time that the distortion 
compensation fimctions 22 and 23 perform distortion compensation, and also updates 
the distortion compensation table 22 based on the results output from the amplifier 26 

20 and the input signal to the predistorter P2, thereby compensating for distortion arising in 
the amplifier 26. In addition, in order to control the number of interpolation points in the 
transmission power amplifier equipped with a predistorter according to this embodiment, 
a preset interpolation point number control table is used. 

Accordingly, with a transmission power amplifier equipped with a predistorter 

25 according to this embodiment, the efficiency of the process of updating the distortion 
compensation table 22 can be improved by adaptively controlling the number of 
interpolation points of the distortion compensation table 22 as described above. 
Specifically, it is possible to increase the speed of convergence of the distortion 
compensation table 22 over the overall update process, and it is possible to increase the 

30 accuracy of distortion compensation of the predistorter P2 as the convergence proceeds. 
To wit, in the process of updating the distortion compensation table 22 according to this 
embodiment, in the initial stages, the number of interpolation points is small so the 
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speed of convergence is increased, but as convergence proceeds, the number of 
interpolation points increases so the accuracy of distortion compensation can be 
increased, thereby achieving an extremely efficient distortion compensation process 
overall. 

5 Note that in this embodiment, the amplifier 5 is equivalent to the amplifier 

subject to distortion compensation. 

In addition, in this embodiment, the distortion compensator is constituted by 
the functions of the predistorter P2. 

In addition, in this embodiment, the signal level detection means is constituted 
10 by the functions of the power detector 21, the distortion compensation execution means 
is constituted by the functions of the distortion compensation table 22 and functions of 
the vector processor 23, while the distortion compensation control value correspondence 
update means and distortion compensation control value nimiber control means are 
constituted by the functions of the controller 27. 
15 In addition, in this embodiment, the mode of distortion compensation by the 

vector processor 23 is determined by the control amount. 

In addition, in this embodiment, the distortion compensation control value 
interpolation means is constituted by the functions of the controller 27. 

In addition, in this embodiment, the correspondence between the number of 
20 interpolation points and conditions pertaining to the distortion components is stored in 
the interpolation point number control table. 

In addition, in this embodiment, the distortion compensation control value 
correspondence storage means is constituted by the functions of the distortion 
compensation table 22 and the distortion compensation generation means is constituted 
25 by the functions of the vector processor 23. 

In addition, in this embodiment, the signal modulation means is constituted by 
the functions of the quadrature modulator 24, the signal demodulation means is 
constituted by the functions of the quadrature modulator 31, and the error detection 
means is constituted by the functions of the error detector 32. 
30 We shall now describe Embodiment 1 -3 . 

FIG. 8 is a diagram showing an example of a transmission power amplifier 
equipped with a predistorter. 
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The transmission power amplifier equipped with a predistorter according to this 
embodiment is provided with a predistorter P3 and an amplifier 45. 

In addition, the predistorter P3 is provided with a power detector 41, distortion 
compensation table 42, attenuator 43, phase shifter 44, timer 46 and a controller 47. 
5 We shall first describe examples of the overall configuration and operation of 

the transmission power amplifier equipped with a predistorter according to this 
embodiment. 

The signal subject to amplification by the amplifier 45 is input to the 
predistorter P3 and distributed by the predistorter P3 for input to the power detector 41, 

10 attenuator 43, timer 46 and controller 47. Note that in this embodiment, a signal in the 
radiofirequency (RF) band is input to the predistorter P3 as the signal subject to 
amplification by the amplifier 45. 

In addition, the configuration and operation of the power detector 41, 
compensation table 42, attenuator 43, phase shifter 44 and amplifier 45 are the same as 

1 5 those of 1 , 2, 3, 4 and 5 illustrated in FIG. 1 above. 

The timer 46 has the function of measuring time and in this embodiment, it 
takes the point in time at which the signal subject to amplification by the amplifier 45 is 
input to be the zero point, measures the elapsed time thereafter and outputs this 
measured time to the controller 47. Here, this notification of the elapsed time from the 

20 timer 46 to the controller 47 may be done constantly or at stipulated time intervals or 
each time a predetermined amount of time has elapsed. 

The controller 47 may update the content of the distortion compensation table 
42 in order to improve the accuracy of distortion compensation by decreasing the 
amoimt of distortion contained in the amplified signal based on this amplified signal 

25 input from the amplifier 45. The controller 47 in this embodiment may update the 
content of the compensation table 42 using an adaptive algorithm sensitive to changes 
over time or environmental changes, for example. 

In addition, in this embodiment, interpolation is used as the method of 
generating the content of the distortion compensation table 42 which is updated by the 

30 controller 47. With the interpolation according to this embodiment, the attenuator 
control amounts and phase shifter control amounts corresponding to representative 
signal power values are calculated and the attenuator control amounts and phase shifter 
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control amoxmts corresponding to other signal power values are calculated by 
interpolation. 

We shall now describe in detail the process by which the controller 47 of this 
embodiment controls the number of interpolation points based on the elapsed time. 
5 FIG. 9 is a diagram showing an example of a table used to control the number 

of interpolation points (interpolation point number control table), where this 
interpolation point number control table is stored in the memory of the controller 47. 

In the interpolation point number control table of this embodiment, the 
correspondence between the number of interpolation points and the range of the time t 

10 from the start of convergence of the compensation table 42 is set in advance. Here, in 
this embodiment, the elapsed time from the point in time that the signal subject to 
amplification by the amplifier 45 is input to the predistorter P3 is used as this time t 
from the start of convergence. 

This embodiment utilizes the property wherein the longer the elapsed time 

15 from the start of convergence typically the smaller the amount of distortion in the 
feedback as illustrated in Embodiment 1-1 above and the error signal in the feedback 
signal illustrated in Embodiment 1-2 above become. 

Specifically, in this embodiment, taking to be a number greater than or equal 
to 2, a group of threshold values is set up so that the relationships among the threshold 

20 values T{n-\) are as such: first threshold value T\ < second threshold value 72 < ... < 
(N-lf^ threshold value 7(a^_2) < (A^-1)* threshold value Ti^^-xy In addition, a group of 
numbers of interpolation points is set up so that the relationships among the numbers of 
interpolation points Aqj) are as such: first number of interpolation points A\ < second 
number of interpolation points ^2 • . • A^"' number of interpolation points A(j^. 

25 Thus in the interpolation point number control table of this embodiment, the 

number of interpolation points Ai corresponds to the case in which 0 < r < Ti, the 
number of interpolation points A2 corresponds to the case in which Ti < t < T2, ... the 
number of interpolation points ^(at-i) corresponds to the case in which T(^f-2) <t< T(u-i), 
while the number of interpolation points A(N) corresponds to the case in which T(n-\) < /. 

30 With this correspondence, the smaller the elapsed time t is the smaller the number of 
interpolation points A is controlled to be, while the greater the elapsed time t is the 
greater the number of interpolation points A is controlled to be. 
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Here follows a description of an example of the procedure for the process of 
controlling the number of interpolation points performed by the controller 47 with 
reference to FIG 10. 

The controller 47 first detects the elapsed time t reported by the timer 46 (Step 

5 Sll). 

Next, the controller 47 sets the object of control (number of interpolation 
points) to Ai (Step SI 2), determines whether the elapsed time / is greater than the 
threshold value Ti or not (Step SI 3). As a result, if the controller 47 determines that this 
elapsed time / is less than or equal to the threshold value T\, the interpolation point 

10 number control process for this result of detection ends (Step S 1 9). 

On the other hand, if the controller 47 determines that the elapsed time t is 
greater than the threshold value Tu it sets the number of interpolation points to A2 (Step 
SI 4) and also determines whether the elapsed time t is greater than the threshold value 
T2 or not (Step SI 5). As a result, if the controller 47 determines that this elapsed time t 

15 is less than or equal to the threshold value Ti, the interpolation point number control 
process for this result of detection ends (Step SI 9). If this elapsed time t is determined 
to be greater than the threshold value T2, then the same process is performed for the next 
threshold value 

The controller 47 sequentially performs the same process for the subsequent 
20 threshold values. For example, if the controller 47 determines that the elapsed time t is 
greater than the threshold value T^n-i), it sets the number of interpolation points to ^(at-i) 
(Step SI 6) and also determines whether the elapsed time t is greater than the threshold 
value T(N-\) or not (Step SI 7). As a result, if the controller 47 determines that this 
elapsed time t is less than or equal to the threshold value T(M--\)y the interpolation point 
25 number control process for this result of detection ends (Step SI 9). 

On the other hand, if the controller 47 determines that the elapsed time t is 
greater than the threshold value T^n^i), it sets the number of interpolation points to A(M) 
(Step SI 8) and the interpolation point number control process for this result of detection 
ends (Step SI 9). 

30 In this manner, in the interpolation point number control process according to 

this embodiment, this process starts from a small number of interpolation points and the 
number of interpolation points increases with the elapsed time. 
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As described above, with a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the predistorter P3 that does a lookup of 
the distortion compensation table 42 to perform distortion compensation on the 
amplifier 45, the number of interpolation points in the generation of the distortion 
5 compensation table 2 is adaptively controlled depending on the elapsed time fi-om the 
start of convergence of the compensation table 42. In the transmission power amplifier 
equipped with a predistorter according to this embodiment, control is exerted so that the 
number of interpolation points is decreased when the elapsed time is small and the 
number of interpolation points is increased when the elapsed time is large, and thus the 

10 number of interpolation points is adaptively controlled by the interpolation method used 
to generate the distortion compensation table 42. 

As a specific configuration, the transmission power amplifier equipped with a 
predistorter according to this embodiment comprises a signal level detection function 41 
that detects the level of the signal subject to amplification by the amplifier 45, distortion 

15 compensation fimctions 42, 43 and 44 that compensate for distortion contained in this 
signal based on the results detected by the signal level detection fimction 41, a time 
measurement fimction 46 that measures the time elapsed in distortion compensation 
firom the point in time that the signal subject to amplification by the amplifier 45 is input, 
and a controller 47 that controls the number of interpolation points based on the 

20 distortion amoimt in the results output fi"om the amplifier 45, for example, at the time 
that the distortion compensation functions 42, 43 and 44 perform distortion 
compensation, and also updates the distortion compensation table 42 based on the 
results output fi-om the amplifier 45 and the input signal to the predistorter P3, thereby 
compensating for distortion arising in the amplifier 45. In addition, in order to control 

25 the number of interpolation points in the transmission power amplifier equipped with a 
predistorter according to this embodiment, a preset interpolation point nimiber control 
table is used. 

Accordingly, with a transmission power amplifier equipped with a predistorter 
according to this embodiment, the efficiency of the process of updating the distortion 
30 compensation table 42 can be improved by adaptively controlling the number of 
interpolation points of the distortion compensation table 42 as described above. 
Specifically, it is possible to increase the speed of convergence of the distortion 
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compensation table 42 over the overall update process, and it is possible to increase the 
accuracy of distortion compensation of the predistorter P3 as the convergence proceeds. 
To wit, in the process of updating the distortion compensation table 42 according to this 
embodiment, in the initial stages, the number of interpolation points is small so the 
5 speed of convergence is increased, but as convergence proceeds, the number of 
interpolation points increases so the accuracy of distortion compensation can be 
increased, thereby achieving an extremely efficient distortion compensation process 
overall. 

Note that in this embodiment, the distortion compensator is constituted by the 
1 0 functions of the predistorter P3 . 

In addition, the elapsed time measurement means is constituted by the 
functions of the timer 46. 

In addition, in this embodiment, the correspondence between the number of 
interpolation points and conditions related to elapsed time is stored in the distortion 
1 5 compensation table. 

We shall now describe Embodiment 1-4. 

FIG. 11 is a diagram showing an example of a transmission power amplifier 
equipped with a predistorter. 

The transmission power amplifier equipped with a predistorter according to this 
20 embodiment is provided with a predistorter P4, quadrature modulator 54, up converter 
55 and an amplifier 56. 

In addition, the predistorter P4 is provided with a power detector 51, distortion 
compensation table 52, vector processor 53, timer 57 and a controller 58. 

We shall first describe examples of the overall configuration and operation of 
25 the transmission power amplifier equipped with a predistorter according to this 
embodiment. 

The signal subject to amplification by the amplifier 56 is input to the 
predistorter P4 and distributed by the predistorter P4 for input to the power detector 51, 
vector processor 53, timer 57 and controller 58. Note that in this embodiment, a signal 
30 in the baseband band, for example, may be input to the predistorter P4 as the signal 
subject to amplification by the amplifier 56. 

In addition, the configuration and operation of the power detector 51, distortion 
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compensation table 52, vector processor 53, quadrature modulator 54, up converter 55 
and amplifier 56 are the same as those of 21, 22, 23, 24, 25 and 26 illustrated in FIG. 6 
above. 

The timer 57 has the function of measuring time and in this embodiment, it 
5 takes the point in time at which the signal subject to amplification by the amplifier 56 is 
input to be the zero point, measures the elapsed time thereafter and outputs this 
measured time to the controller 58. Here, this notification of the elapsed time from the 
timer 57 to the controller 58 may be done constantly or at stipulated time intervals or 
each time a predetermined amount of time has elapsed, 

10 The controller 58 may update the content of the distortion compensation table 

52 in order to improve the accuracy of distortion compensation by decreasing the 
amount of distortion contained in the amplified signal based on this amplified signal 
input firom the amplifier 56. The controller 58 in this embodiment may update the 
content of the compensation table 52 using an adaptive algorithm sensitive to changes 

1 5 over time or environmental changes, for example. 

In addition, in this embodiment, interpolation is used as the method of 
generating the content of the distortion compensation table 52 which is updated by the 
controller 58. With the interpolation according to this embodiment, the control amounts 
of the vector processor 53 corresponding to representative signal power values are 

20 calculated and the control amounts corresponding to other signal power values are 
calculated by interpolation. 

In addition, the controller 58 calculates the number of interpolation points 
based on the elapsed time reported firom the timer 57 and thus controls the number of 
interpolation points. 

25 Here, the process by which the controller 58 controls the number of 

interpolation points using this elapsed time may be implemented in the same manner as 
in the interpolation point number control process described in Embodiment 1-3 above, 
for example. 

Specifically, an interpolation point number control table like that illustrated in 
30 FIG. 9 above is stored in the memory of the controller 58 according to this embodiment. 
In addition, as an example of the procedure for the process of controlling the 
number of interpolation points performed by the controller 58 according to this 
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embodiment, one like that illustrated in FIG. 10 above is used. 

As described above, with a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the same manner as described in 
Embodiment 1-3 above, in the predistorter P4 that does a lookup of the distortion 
5 compensation table 52 to perform distortion compensation on the amplifier 56, the 
number of interpolation points in the distortion compensation table 52 is adaptively 
controlled, so the efficiency of the process of updating the distortion compensation table 
52 can be improved by adaptively controlling the number of interpolation points of the 
distortion compensation table 52 as described above. 
10 Note that in this embodiment, the distortion compensator is constituted by the 

functions of the predistorter P4. 

hi addition, the elapsed time measurement means is constituted by the 
functions of the timer 57. 

In addition, in this embodiment, the correspondence between the number of 
15 interpolation points and conditions related to elapsed time is stored in the distortion 
compensation table. 

As illustrated in Embodiments 1-1 through 1-4 above, with a transmission 
power amplifier equipped with a predistorter according to this embodiment, by 
controlling the number of control values used to perform distortion compensation (in 
20 this embodiment, the number of interpolation points) at the time that this distortion 
compensation is performed with respect to distortion arising in an amplifier that 
amplifies a signal, it is possible to improve the efficiency of distortion compensation. 
Here follows a description of Embodiment 2 of the present invention. 
We shall first describe Embodiment 2-1. 
25 In this embodiment, we shall describe a transmission power amplifier equipped 

with a predistorter that has the same configuration as that illustrated in FIG. 1 above and 
performs the same operation. 

Note that in this embodiment, the number of interpolation points (interpolation 
point number) is constant, but a configuration in which the number of interpolation 
30 points is variable may also be used. 

Here follows a description of examples of the configuration and operation 
regardmg the control of the amount by which the attenuator control amounts are 
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updated at interpolation points subject to updating in a single update, and the control of 
the amount by which the phase shifter control amounts are updated at interpolation 
points subject to updating in a single update. Note that in this embodiment, the way of 
controlling the amount by which the attenuator control amounts are updated is identical 
5 to the way of controlling the amount by which the phase shifter control amounts are 
updated, so these are described together as the way of controlling the amount by which 
interpolation points are updated (the interpolation point update amoxmt). In addition, in 
this embodiment, the amount by which the attenuator control amount is updated and the 
amount by which the phase shifter control amount is updated may be set separately and 

10 may be different from each other. 

This embodiment is described using an example of a controller CI of the same 
constitution as that illustrated in FIG. 2 above, with only those portions that differ from 
the above described in detail. 

The controller 6 of this embodiment consists of a feedback controller 11, 

15 voltage controlled oscillator (VCO) 12, mixer 13, bandpass filter (BPF) 14, frequency 
converter 15, analog-to-digital (A/D) converter 16 and a calculation block (interpolation 
point update amoxmt calculation block) 17. 

In this embodiment, the A/D converter 16 converts the extracted results input 
from the frequency converter 15 from an analog signal to a digital signal which is 

20 output to the interpolation point update amount calculation block 17. Here, the 
interpolation point update amount calculation block 17 becomes information that 
indicates the amount of distortion generated in the amplifier 5 or an amount 
proportional thereto. Note that the amoxmt of power, for example, may be used as the 
amount of distortion. 

25 The interpolation point update amount calculation block 17 calculates the 

interpolation point update amount based on the digital signal input from the A/D 
converter 16 and exerts control over the interpolation point update amount. 

Here, we shall describe in detail the process by which the interpolation point 
update amount calculation block 17 controls the interpolation point update amount 
30 using the distortion power amount generated outside the band of the signal subject to 
amplification by the amplifier 5 as a feedback signal. 

FIG. 12 is a diagram showing an example of a table used to control the 
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interpolation point update amount (interpolation point update amount control table), 
where this interpolation point update amount control table is stored in the memory of 
the interpolation point update amount calculation block 17. 

In the interpolation point update amount control table of this embodiment, the 
5 correspondence between the range of the distortion amount E and the interpolation point 
update amount is set in advance. Note that the notation "or error signal" in the 
interpolation point update amount control table shown in FIG. 12 will be described in 
another embodiment to be described later, so it is not used in this embodiment. 

Specifically, in this embodiment, taking iV to be a number greater than or equal 

10 to 2, a group of threshold values is set up so that the relationships among the threshold 
values Th{]^-x) are as such: first threshold value Th\ > second threshold value Th2 > ... > 
{N-lf^ threshold value 777(al.2) > (N-lf" threshold value Th(^^\y In addition, a group of 
interpolation point update amounts is set up so that the relationships among the 
interpolation point update amounts Aq^ are as such: first interpolation point update 

15 amount A\ < interpolation point update amount A2 < ... {N-lf^ interpolation point 
update amoimt A{n-\) > JV* interpolation point update amoimt A^j^. 

Thus in the interpolation point update amount control table of this embodiment, 
the interpolation point update amount Ai corresponds to the case in which 7%i < the 
interpolation point update amount A2 corresponds to the case in which Th2 <E< Thu . . . 

20 the interpolation point update amount A(j^-\) corresponds to the case in which 
7%(A/^i) <E< Th{s-2) and the interpolation point update amount A{N) corresponds to the 
case in which 0<E<Th{N~\y With this correspondence, the greater the distortion 
amount E is the greater the value the interpolation point update amoimt A is controlled 
to be, while the smaller the distortion amount E is the lesser the value the interpolation 

25 point update amount A is controlled to be. 

FIGs. 13(a) and (b) illustrate an example of a distortion compensation table. 
Note that the horizontal axis presents the power of the input signal subject to 
amplification, while the vertical axis presents the control amoimt. Here, the attenuator 
control amount or phase shifter control amount is used as the control amount in this 

30 embodiment. 

In addition, the points indicated by black circles are equivalent to the 
interpolation points while the lines connecting the interpolation points are equivalent to 
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the relationship of the control amount as a function of the input signal power obtained 
by interpolation. 

FIG. 13(a) presents an example of a distortion compensation table in the case 
that the interpolation point update amount is relatively large. This is equivalent to the 
5 situation in which the amount of distortion contained in the feedback signal from the 
amplifier 5 is relatively large, for example, being equivalent to a situation in the midst 
of the process of convergence. 

On the other hand, FIG. 13(b) presents an example of a distortion 
compensation table in the case that the interpolation point update amoimt is relatively 
10 small. This is equivalent to the situation in which the amount of distortion contained in 
the feedback signal from the amplifier 5 is relatively small, for example, being 
equivalent to a situation in which the convergence is optimized or nearly optimized. 

The interpolation point update amount calculation block 17 performs a lookup 
on the interpolation point update amount control table presented in FIG. 12 above, and 
15 adaptively controls the interpolation point update amount of distortion compensation 
table 2 depending on the magnitude of the distortion amount reported via A/D converter 
16. At a stage such as that illustmted in FIG. 13(a) above, the interpolation point update 
amount is small so high-speed convergence can be expected. On the other hand, at a 
stage such as that illustrated in FIG. 13(b) above, the interpolation point update amount 
20 is large so the accuracy of distortion compensation can be improved. 

Here follows a description of an example of the procedure for the process of 
controlling the interpolation point update amount performed by the controller 6 with 
reference to FIG 5 above. Note that the notation "or error signal" in this figure will be 
described in another embodiment to be described later, so it is not used in this 
25 embodiment. 

First of all, the controller 6 detects the distortion amount E (Step SI). 

Next, the controller 6 sets the object of control (interpolation point update 
amount) to Ax (Step S2), determines whether the distortion amount E is greater than the 
threshold value Thi or not (Step S3). As a result, if the controller 6 determines that this 
30 distortion amount E is greater than the threshold value Thu the interpolation point 
update amount control process for this result of detection ends (Step S9). 

On the other hand, if the controller 6 determines that the distortion amount E is 
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less than or equal to threshold value Thu it sets the interpolation point update amount to 
A2 (Step S4) and also determines whether the distortion amount E is greater than the 
threshold value Th2 or not (Step S5). As a result, if the controller 6 determines that this 
distortion amount E is greater than the threshold value r/22, the interpolation point 
5 update amount control process for this result of detection ends (Step S9). If this 
distortion amount E is determined to be less than or equal to threshold value 7722, then 
the same process is performed for the next threshold value r/23. 

The controller 6 sequentially performs the same process for the subsequent 
threshold values. For example, if the controller 6 determines that the distortion amount 

10 E is less than or equal to threshold value Th(N-2), it sets the interpolation point update 
amount to ^(at-i) (Step S6) and also determines whether the distortion amount E is 
greater than the threshold value or not (Step S7). As a result, if the controller 6 

determines that this distortion amount E is greater than the threshold value Th(N^i), the 
interpolation point update amount control process for this result of detection ends (Step 

15 S9). 

On the other hand, if the controller 6 determines that the distortion amount E is 
less than or equal to threshold value 77i(Ar-i), it sets the interpolation point update amount 
to A(N) (Step S8) and the interpolation point update amount control process for this result 
of detection ends (Step S9). 

20 As described above, with a transmission power amplifier equipped with a 

predistorter according to this embodiment, in the predistorter PI that does a lookup of 
the distortion compensation table 2 to perform distortion compensation on the amplifier 
5, the output signal from the amplifier 5 subject to distortion compensation is fed back 
and the interpolation point update amount in the generation of the distortion 

25 compensation table 2 is adaptively controlled depending on the distortion amount 
detected firom this feedback signal. In the transmission power amplifier equipped with a 
predistorter according to this embodiment, control is exerted so that the interpolation 
point update amount is increased when the distortion amount in the feedback is large 
and the interpolation point update amoimt is decreased when the distortion amount in 

30 the feedback is small, and thus the interpolation point update amount is adaptively 
controlled by the interpolation method used to generate the distortion compensation 
table 2. 
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As a specific configuration, the transmission power amplifier equipped with a 
predistorter according to this embodiment comprises a signal level detection function 1 
that detects the level of the signal subject to amplification by the amplifier 5, distortion 
compensation functions 2, 3 and 4 that compensate for distortion contained in this signal 
5 based on the results detected by the signal level detection function 1, and a controller 6 
that controls the interpolation point update amoimt based on the distortion amount in the 
results output fi-om the amplifier 5, for example, at the time that the distortion 
compensation functions 2, 3 and 4 perform distortion compensation, and also updates 
the distortion compensation table 2 based on the results output from the amplifier 5 and 

10 the input signal to the predistorter PI, thereby compensating for distortion arising in the 
amplifier 5. In addition, in order to control the interpolation point update amount in the 
transmission power amplifier equipped with a predistorter according to this embodiment, 
a preset interpolation point update amoxmt control table is used. 

Accordingly, with a transmission power amplifier equipped with a predistorter 

15 according to this embodiment, the eflBciency of the process of updating the distortion 
compensation table 2 can be improved by adaptively controlling the interpolation point 
update amoxmt of the distortion compensation table 2 as described above. Specifically, it 
is possible to increase the speed of convergence of the distortion compensation table 2 
over the overall update process, and it is possible to increase the accuracy of distortion 

20 compensation of the predistorter PI as the convergence proceeds. To wit, in the process 
of updating the distortion compensation table 2 according to this embodiment, in the 
initial stages, the interpolation point update amount is large so the speed of convergence 
is increased, but as convergence proceeds, the interpolation point update amount 
decreases so the accuracy of distortion compensation can be increased, thereby 

25 achieving an extremely efficient distortion compensation process overall. 

Note that in this embodiment, the amplifier 5 is equivalent to the amplifier 
subject to distortion compensation. 

In addition, in this embodiment, the distortion compensator is constituted by 
the functions of the predistorter PL 

30 In addition, the signal level detection means is constituted by the functions of 

the power detector 1, the distortion compensation execution means is constituted by the 
functions of the distortion compensation table 2, fimctions of the attenuator 3 and 
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functions of the phase shifter 4, while the distortion compensation control value 
correspondence update means and distortion compensation control value update amount 
control means are constituted by the functions of the controller 6. 

In addition, in this embodiment, the distortion compensation control values are 
5 constituted by the control amounts at interpolation points, the correspondence between 
control amounts and signal power values is stored in the distortion compensation table 2, 
and the mode of distortion compensation by the attenuator 3 and phase shifter 4 is 
determined by the control amount, while the interpolation point update amount is 
equivalent to the number of corresponding pairs of control amoimts and signal power 
10 values. 

In addition, in this embodiment, the distortion compensation control value 
interpolation means is constituted by the functions of the controller 6. 

In addition, in this embodiment, the correspondence between the interpolation 
point update amount and conditions pertaining to the distortion components (distortion 
1 5 amounts) is stored in the interpolation point update amount control table. 

In addition, in this embodiment, the distortion compensation control value 
correspondence storage means is constituted by the functions of the distortion 
compensation table 2, the distortion-compensating distortion generation means is 
constituted by the functions of the attenuator 3 and functions of the phase shifter 4, 
20 while the distortion component detection means is constituted by the functions of the 
feedback controller 11, functions of the VCO 12, functions of the mixer 13 and 
functions of the BPF 14. 

We shall now describe Embodiment 2-2. 

In this embodiment, we shall describe a transmission power amplifier equipped 
25 with a predistorter that has the same configuration as that illustrated in FIG. 6 above and 
performs the same operation. 

Here follows a description of examples of the configuration and operation 
regarding the control of the amount by which the control amounts are updated at 
interpolation points subject to updating in a single update. 
30 This embodiment is described using an example of a controller C2 of the same 

constitution as that illustrated in FIG. 7 above, with only those portions that differ from 
the above described in detail. 
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The controller 27 of this embodiment consists of a quadrature demodulator 31, 
error detector 32 and a calculation block (interpolation point update amount calculation 
block) 33. 

In this embodiment, the error detector 32 detects a signal consisting of the 
5 difference between the signal consisting of the I component and Q component input as 
the signal subject to amplification by the amplifier 26 and the signal consisting of the I 
component and Q component input from the quadrature demodulator 3 1 as the error (in 
this embodiment, the vector error) signal, and outputs this detected error signal to the 
interpolation point update amount calculation block 33. Here, as this error signal, for 
10 example, the amplified signal after the amplification process of the amplifier 26 may be 
detected as components shifted with respect to the signal before amplification, and the 
distortion components arising in the amplifier 26 or components proportional thereto 
may be detected. 

The interpolation point update amount calculation block 33 calculates the 

15 interpolation point update amoimt based on the error signal input from the error detector 
32 and exerts control over the interpolation point update amount. 

Here the process by which the interpolation point number calculation block 33 
controls the interpolation point update amount using this error signal as a feedback 
signal may be implemented in the same maimer as the interpolation point update 

20 amount control process described in Embodiment 2-1 above, for example. 

Specifically, an interpolation point update amount control table like that 
illustrated in FIG. 12 above is stored in the memory of the interpolation point update 
amount calculation block 33 of this embodiment. In this embodiment, the "error signal" 
E is used instead of the "distortion amount" illustrated in FIG. 12 above, so the 

25 correspondence between the interpolation point update amount and the range of the 
error signal E is contained in the interpolation point update amount control table. 
Moreover, the greater the error signal E is the greater the interpolation point update 
amount A is controlled to be, while the smaller the error signal E is the smaller the 
interpolation point update amount A is controlled to be. 

30 In addition, as an example of the procedure for the process of controlling the 

number of interpolation points performed by the controller 27 of this embodiment, for 
example, one like that illustrated in FIG. 5 above may be used. In this embodiment, use 
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"error signal" instead of "distortion amount" in FIG. 5 above. 

As described above, vsdth a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the predistorter P2 that does a lookup of 
the distortion compensation table 22 to perform distortion compensation on the 
5 amplifier 26, the output signal from the amplifier 26 subject to distortion compensation 
is fed back and the interpolation point update amount in the generation of the distortion 
compensation table 22 is adaptively controlled depending on this feedback signal and 
the error amount detected from the input signal to the predistorter P2. In the 
transmission power amplifier equipped with a predistorter according to this embodiment, 
10 control is exerted so that the interpolation point update amoxmt is increased when the 
detected error amount is large and the interpolation point update amount is decreased 
when this error amount is small, and thus the interpolation point update amount is 
adaptively controlled by the interpolation method used to generate the distortion 
compensation table 22. 

15 As a specific configuration, the transmission power amplifier equipped with a 

predistorter according to this embodiment comprises a signal level detection fimction 21 
that detects the level of the signal subject to amplification by the amplifier 26, distortion 
compensation fimctions 22 and 23 that compensate for distortion contained in this signal 
based on the results detected by the signal level detection fimction 21, and a controller 

20 27 that controls the interpolation point update amount based on the error amount in the 
results output from the amplifier 26, for example, at the time that the distortion 
compensation fimctions 22 and 23 perform distortion compensation, and also updates 
the distortion compensation table 22 based on the results output from the amplifier 26 
and the input signal to the predistorter P2, thereby compensating for distortion arising in 

25 the amplifier 26. In addition, in order to control the interpolation point update amount in 
the transmission power amplifier equipped with a predistorter according to this 
embodiment, a preset interpolation point update amoimt control table is used. 

Accordingly, with a transmission power amplifier equipped with a predistorter 
according to this embodiment, the efiiciency of the process of updating the distortion 

30 compensation table 22 can be improved by adaptively controlling the interpolation point 
update amount of the distortion compensation table 22 as described above. Specifically, 
it is possible to increase the speed of convergence of the distortion compensation table 
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22 over the overall update process, and it is possible to increase the accuracy of 

distortion compensation of the predistorter P2 as the convergence proceeds. To wit, in 

the process of updating the distortion compensation table 22 according to this 

embodiment, in the initial stages, the interpolation point update amount is large so the 
5 speed of convergence is increased, but as convergence proceeds, the interpolation point 

update amount decreases so the accuracy of distortion compensation can be increased, 

thereby achieving an extremely efficient distortion compensation process overall. 

Note that in this embodiment, the amplifier 26 is equivalent to the amplifier 

subject to distortion compensation. 
10 In addition, in this embodiment, the distortion compensator is constituted by 

the functions of the predistorter P2. 

In addition, in this embodiment, the signal level detection means is constituted 

by the functions of the power detector 21, the distortion compensation execution means 

is constituted by the functions of the distortion compensation table 22 and functions of 
15 the vector processor 23, while the distortion compensation control value correspondence 

update means and distortion compensation control value update amount control means 

are constituted by the functions of the controller 27. 

In addition, in this embodiment, the mode of distortion compensation by the 

vector processor 23 is determined by the control amount. 
20 In addition, in this embodiment, the distortion compensation control value 

interpolation means is constituted by the functions of the controller 27. 

In addition, in this embodiment, the correspondence between the interpolation 

point update amount and conditions pertaining to the distortion components is stored in 

tlie Interpolation point update amount control table. 
25 In addition, in this embodiment, the distortion compensation control value 

correspondence storage means is constituted by the functions of the distortion 

compensation table 22 and the distortion compensation generation means is constituted 

by the functions of the vector processor 23. 

In addition, in this embodiment, the signal modulation means is constituted by 
30 the functions of the quadrature modulator 24, the signal demodulation means is 

constituted by the functions of the quadrature modulator 31, and the error detection 

means is constituted by the functions of the error detector 32. 
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We shall now describe Embodiment 2-3. 

In this embodiment, we shall describe a transmission power amplifier equipped 
with a predistorter that has the same configuration as that illustrated in FIG. 8 above and 
performs the same operation. 
5 We shall now describe in detail the process by which the controller 47 of this 

embodiment controls the amount by which the interpolation point update amount 
(attenuator control amount or phase shifter control amount) is updated (the interpolation 
point update amount) based on the elapsed time. 

FIG. 14 is a diagram showing an example of a table used to control the 
10 interpolation point update amount (interpolation point update amount control table), 
where this interpolation point update amoxmt control table is stored in the memory of 
the controller 47. 

In the interpolation point update amount control table of this embodiment, the 
correspondence between the interpolation point update amoimt and the range of the time 
15 t from the start of convergence of the compensation table 42 is set in advance. Here, in 
this embodiment, the elapsed time fi-om the point in time that the signal subject to 
amplification by the amplifier 45 is input to the predistorter P3 is used as this time t 
firom the start of convergence. 

This embodiment utilizes the property wherein the longer the elapsed time 
20 firom the start of convergence typically the smaller the amount of distortion in the 
feedback as illustrated in Embodiment 2-1 above and the error signal in the feedback 
signal illustrated in Embodiment 2-2 above become. 

Specifically, in this embodiment, taking to be a number greater than or equal 
lu 2, a group of threshold values is set up so that the relationships among the threshold 
25 values T^n^x) are as such: first threshold value T\ < second threshold value T2 < ... < 
threshold value T(m-2) < (N-l)^ threshold value T^j^-iy In addition, a group of 
interpolation point update amounts is set up so that the relationships among the 
interpolation point update amoxmts A(n) are as such: first interpolation point update 
amount ^1 > second interpolation point update amount A2> ... > (iV-1)* interpolation 
30 point update amount -4(^-1) > interpolation point update amount A{n), 

Thus in the interpolation point update amoimt control table of this embodiment, 
the interpolation point update amount ^1 corresponds to the case in which 0 < / < Ti, the 
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interpolation point update amount A2 corresponds to the case in which Ti < r < 72, ... 
the interpolation point update amount A(m-\) corresponds to the case in which 
T{N-2) <t< T(N-\h while the interpolation point update amount A(n) corresponds to the 
case in which T{j^-i) < t. With this correspondence, the smaller the elapsed time / is the 
5 greater the interpolation point update amount A is controlled to be, while the greater the 
elapsed time t is the smaller the interpolation point update amount A is controlled to be. 

Here follows a description of an example of the procedure for the process of 
controlling the interpolation point update amount performed by the controller 47 with 
reference to FIG 10. 

10 The controller 47 first detects the elapsed time t reported by the timer 46 (Step 

Sll). 

Next, the controller 47 sets the object of control (interpolation point update 
amount) to A\ (Step SI 2), determines whether the elapsed time t is greater than the 
threshold value T\ or not (Step SI 3). As a result, if the controller 47 determines that this 

15 elapsed time t is less than or equal to the threshold value Tu the interpolation point 
update amount control process for this result of detection ends (Step SI 9). 

On the other hand, if the controller 47 determines that the elapsed time t is 
greater than the threshold value Tu it sets the interpolation point update amount to A2 
(Step SI 4) and also determines whether the elapsed time t is greater than the threshold 

20 value T2 or not (Step SI 5). As a result, if the controller 47 determines that this elapsed 
time t is less than or equal to the threshold value 72, the interpolation point update 
amount control process for this result of detection ends (Step SI 9). If this elapsed time t 
is determined to be greater than the threshold value 72, then the same process is 
performed for the next threshold value Ts. 

25 The controller 47 sequentially performs the same process for the subsequent 

threshold values. For example, if the controller 47 determines that the elapsed time t is 
greater than the threshold value 7(Ar_2), it sets the interpolation point update amount to 
A{N-v) (Step SI 6) and also determines whether the elapsed time / is greater than the 
threshold value T{n-\) or not (Step SI 7). As a result, if the controller 47 determines that 

30 this elapsed time / is less than or equal to the threshold value TQf-x)^ the interpolation 
point update amount control process for this result of detection ends (Step SI 9). 

On the other hand, if the controller 47 determines that the elapsed time t is 
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greater than the threshold value it sets the interpolation point update amount to 
A(S) (Step SI 8) and the interpolation pomt update amount control process for this result 
of detection ends (Step SI 9). 

In this manner, in the interpolation point update amount control process 
5 according to this embodiment, this process starts from a small interpolation point update 
amount and the interpolation point update amount increases with the elapsed time. 

As described above, with a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the predistorter P3 that does a lookup of 
the distortion compensation table 42 to perform distortion compensation on the 

10 amplifier 45, the interpolation point update amount in the generation of the distortion 
compensation table 2 is adaptively controlled depending on the elapsed time from the 
start of convergence of the compensation table 42. In the transmission power amplifier 
equipped with a predistorter according to this embodiment, control is exerted so that the 
interpolation point update amoxmt is increased when the elapsed time is small and the 

15 interpolation point update amount is decreased when the elapsed time is large, and thus 
the interpolation point update amount is adaptively controlled by the interpolation 
method used to generate the distortion compensation table 42. 

As a specific configuration, the transmission power amplifier equipped with a 
predistorter according to this embodiment comprises a signal level detection function 41 

20 that detects the level of the signal subject to amplification by the amplifier 45, distortion 
compensation fimctions 42, 43 and 44 that compensate for distortion contained in this 
signal based on the results detected by the signal level detection function 41, a time 
measurement function 46 that measures the time elapsed in distortion compensation 
from the point in time that the signal subject to amplification by the amplifier 45 is input, 

25 and a controller 47 that controls the interpolation point update amount based on the 
distortion amount in the results output from the amplifier 45, for example, at the time 
that the distortion compensation fimctions 42, 43 and 44 perform distortion 
compensation, and also updates the distortion compensation table 42 based on the 
results output from the amplifier 45 and the input signal to the predistorter P3, thereby 

30 compensating for distortion arising in the amplifier 45. In addition, in order to control 
the interpolation point update amoimt in the transmission power amplifier equipped 
with a predistorter according to this embodiment, a preset interpolation point update 
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amount control table is used. 

Accordingly, witti a transmission power amplifier equipped with a predistorter 
according to this embodiment, the eflBciency of the process of updating the distortion 
compensation table 42 can be improved by adaptively controlling the interpolation point 
5 update amoimt of the distortion compensation table 42 as described above* Specifically, 
it is possible to increase the speed of convergence of the distortion compensation table 
42 over the overall update process, and it is possible to increase the accuracy of 
distortion compensation of the predistorter P3 as the convergence proceeds. To wit, in 
the process of updating the distortion compensation table 42 according to this 
10 embodiment, in the initial stages, the interpolation point update amount is large so the 
speed of convergence is increased, but as convergence proceeds, the interpolation point 
update amount decreases so the accuracy of distortion compensation can be increased, 
thereby achieving an extremely efficient distortion compensation process overall. 

Note that in this embodiment, the distortion compensator is constituted by the 
1 5 functions of the predistorter P3 . 

In addition, the elapsed time measurement means is constituted by the 
functions of the timer 46. 

In addition, in this embodiment, the correspondence between the interpolation 
point update amoimt and conditions related to elapsed time is stored in the distortion 
20 compensation table. 

We shall now describe Embodiment 2-4. 

In this embodiment, we shall describe a transmission power amplifier equipped 

with a predistorter that has the same configuration as that illustrated in FIG. 1 1 above 

and performs the same operation. 
25 In this embodiment, the controller 58 calculates the interpolation point update 

amount based on the elapsed time reported from the timer 57 and thus controls the 

interpolation point update amoimt. 

Here, the process by which the controller 58 controls the interpolation point 

update amount using this elapsed time may be implemented in tiie same manner as in 
30 the interpolation point update amount control process described in Embodiment 2-3 

above, for example. 

Specifically, an interpolation point update amoimt control table like that 
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illustrated in FIG. 14 above is stored in the memory of the controller 58 according to 
this embodiment. 

In addition, as an example of the procedure for the process of controlling the 
interpolation point update amount performed by the controller 58 according to this 
5 embodiment, one like that illustrated in FIG. 10 above is used. 

As described above, with a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the same manner as described in 
Embodiment 2-3 above, in the predistorter P4 that does a lookup of the distortion 
compensation table 52 to perform distortion compensation on the amplifier 56, the 
10 interpolation point update amount in the distortion compensation table 52 is adaptively 
controlled, so the efficiency of the process of updating the distortion compensation table 
52 can be improved by adaptively controlling the interpolation point update amount of 
the distortion compensation table 52 as described above. 

Note that in this embodiment, the distortion compensator is constituted by the 
1 5 functions of the predistorter P4. 

In addition, the elapsed time measurement means is constituted by the 
functions of the timer 57. 

In addition, in this embodiment, the correspondence between the interpolation 
point update amount and conditions related to elapsed time is stored in the distortion 
20 compensation table. 

As illustrated in Embodiments 2-1 through 2-4 above, with a transmission 
power amplifier equipped with a predistorter according to this embodiment, by 
controlling the amount by which the control values used to perform distortion 
compensation are updated (in this embodiment, the interpolation point update amount) 
25 at the time that this distortion compensation is performed with respect to distortion 
arising in an amplifier that amplifies a signal, it is possible to improve the efficiency of 
this compensation. 

Here follows a description of Embodiment 3 of the present invention. 
We shall first describe Embodiment 3-1. 
30 In this embodiment, we shall describe a transmission power amplifier equipped 

with a predistorter that has the same configuration as that illustrated in FIG. 1 above and 
performs the same operation. 
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Note that in this embodiment, the number of interpolation points (interpolation 
point number) is constant, but a configuration in which the number of interpolation 
points is variable may also be used. 

Here follows a description of examples of the configuration and operation 
5 regarding the control of the frequency at which the attenuator control amounts are 
updated at interpolation points. Note that in this embodiment, the attenuator control 
amounts and the phase shifter control amoimts are updated at the same time, but a 
configuration wherein these are updated at different times may also be used. 

This embodiment is described using an example of a controller CI of the same 
10 constitution as that illustrated in FIG. 2 above, with only those portions that differ from 
the above described in detail. 

The controller 6 of this embodiment consists of a feedback controller 11, 
voltage controlled oscillator (VCO) 12, mixer 13, bandpass filter (BPF) 14, frequency 
converter 15, analog-to-digital (A/D) converter 16 and a calculation block (interpolation 
1 5 point update frequency calculation block) 1 7. 

In this embodiment, the A/D converter 16 converts the extracted results input 
from the frequency converter 15 from an analog signal to a digital signal which is 
output to the interpolation point update frequency calculation block 17. Here, the 
interpolation point update frequency calculation block 17 becomes information that 
20 indicates the amount of distortion generated in the amplifier 5 or an amount 
proportioned thereto. Note that the amount of power, for example, may be used as the 
amount of distortion. 

The interpolation point update frequency calculation block 17 calculates the 
interpolation point update frequency based on the digital signal input from the A/D 
25 converter 16 and exerts control over the interpolation point update frequency. 

Here, we shall describe in detail the process by which the interpolation point 
update frequency calculation block 17 controls the interpolation point update frequency 
using the distortion power amount generated outside the band of the signal subject to 
amplification by the amplifier 5 as a feedback signal. 
30 FIG. 15 is a diagram showing an example of a table used to control the 

interpolation point update frequency (interpolation point update frequency control table), 
where this interpolation point update frequency control table is stored in the memory of 
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the interpolation point update frequency calculation block 17. 

In the interpolation point update frequency control table of this embodiment, 
the correspondence between the range of the distortion amount E and the interpolation 
point update frequency is set in advance. Note that the notation "or error signal" in the 
5 interpolation point update frequency control table shown in FIG. 15 will be described in 
another embodiment to be described later, so it is not used in this embodiment. 

Specifically, in this embodiment, taking iV to be a number greater than or equal 
to 2, a group of threshold values is set up so that the relationships among the threshold 
values 77z(A^_i) are as such: first threshold value Th\ > second threshold value 7722 > ... > 

10 threshold value Th^N-i) > (N-lf" threshold value Th(M-\y In addition, a group of 

interpolation point update frequencies is set up so that the relationships among the 
interpolation point update frequencies A(N) are as such: first interpolation point update 
fi^quency Ai < interpolation point update frequency A2< ... (N-l)^ interpolation point 
update frequency A(n-\) > ^ interpolation point update frequency A(j^. 

15 Thus in the interpolation point update frequency control table of this 

embodiment, the interpolation point update frequency A\ corresponds to the case in 
which Th\ < E, the interpolation point update frequency A2 corresponds to the case in 
which 77i2 < 77ii, ... the interpolation point update frequency ^(jv-i) corresponds to 
the case in which Th(f^-i) <E< 77i(al2) and the interpolation point update frequency ^(a^ 

20 corresponds to the case in which 0 < i: < ThiN-\y With this correspondence, the greater 
the distortion amount E is the greater the value that the interpolation point update 
frequency A (to wit, the higher the interpolation point update frequency ^) is controlled 
to be, while the smaller the distortion amount E is the lesser the value the interpolation 
point update frequency A (to wit, the higher the interpolation point update frequency A) 

25 is controlled to be. 

A graph similar to that shown in FIGs. 13(a) and (b) illustrates an example of a 
distortion compensation table. Note that the horizontal axis presents the power of the 
input signal subject to amplification by the amplifier 5, while the vertical axis presents 
the control amount. Here, the attenuator control amount or phase shifter control amount 

30 is used as the control amount in this embodiment. 

In addition, the points indicated by black circles are equivalent to the 
interpolation points while the lines connecting the interpolation points are equivalent to 
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the relationship of the control amount as a function of the input signal power obtained 
by interpolation. 

FIG. 13(a) presents an example of a distortion compensation table in the case 
that the interpolation point update frequency is relatively high. This is equivalent to the 
5 situation in which the amount of distortion contained in the feedback signal from the 
amplifier 5 is relatively large, for example, being equivalent to a situation in the midst 
of the process of convergence. 

On the other hand, FIG. 13(b) presents an example of a distortion 
compensation table in the case that the interpolation point update frequency is relatively 
10 low. This is equivalent to the situation in which the amount of distortion contained in 
the feedback signal from the amplifier 5 is relatively small, for example, being 
equivalent to a situation in which the convergence is optimized or nearly optimized. 

The interpolation point update frequency calculation block 17 performs a 
lookup on the interpolation point update frequency control table presented in FIG. 15 
15 above, and adaptively controls the interpolation point update frequency of distortion 
compensation table 2 depending on the magnitude of the distortion amount reported via 
A/D converter 16. At a stage such as that illustrated in FIG. 13(a) above, the 
interpolation point update frequency is high so high-speed convergence can be expected. 
On the other hand, at a stage such as that illustrated in FIG. 13(b) above, the 
20 interpolation point update frequency is low so the power consumption can be lowered. 

Here follows a description of an example of the procedure for the process of 
controlling the interpolation point update frequency performed by the controller 6 with 
reference to FIG 5. Note that the notation "or error signal" in this figure will be 
described in another embodiment to be described later, so it is not used in this 
25 embodiment. 

First of all, the controller 6 detects the distortion amount E (Step SI). 

Next, the controller 6 sets the object of control (interpolation point update 
frequency) to Ai (Step S2), determines whether the distortion amount E is greater than 
the threshold value Thi or not (Step S3). As a result, if the controller 6 determines that 
30 this distortion amount E is greater than the threshold value Thu the interpolation point 
update frequency control process for this result of detection ends (Step S9). 

On the other hand, if the controller 6 determines that the distortion amount E is 
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less than or equal to threshold value Thu it sets the interpolation point update frequency 
to A2 (Step S4) and also determines whether the distortion amount E is greater than the 
threshold value Thi or not (Step S5). As a result, if the controller 6 determines that this 
distortion amount E is greater than the threshold value 7%2, the interpolation point 
5 update frequency control process for this result of detection ends (Step S9). If this 
distortion amount E is determined to be less than or equal to threshold value Thi, then 
the same process is performed for the next threshold value Th^. 

The controller 6 sequentially performs the same process for the subsequent 
threshold values. For example, if the controller 6 determines that the distortion amount 

10 E is less than or equal to threshold value Th(N-2h i^ ^^^^ interpolation point update 
frequency to A(^^-i) (Step S6) and also determines whether the distortion amount E is 
greater than the threshold value 7%(Ar-i) or not (Step S7). As a result, if the controller 6 
determines that this distortion amount E is greater than the threshold value Th{M^\), the 
interpolation point update frequency control process for this result of detection ends 

15 (StepS9). 

On the other hand, if the controller 6 determines that the distortion amount E is 
less than or equal to threshold value Th(N-i), it sets the interpolation point update 
frequency to A(n) (Step S8) and the interpolation point update frequency control process 
for this result of detection ends (Step S9). 

20 As described above, with a transmission power amplifier equipped with a 

predistorter according to this embodiment, in the predistorter PI that does a lookup of 
the distortion compensation table 2 to perform distortion compensation on the amplifier 
5, the output signal from the amplifier 5 subject to distortion compensation is fed back 
and the interpolation point update frequency in the generation of the distortion 

25 compensation table 2 is adaptively controlled depending on the distortion amount 
detected from this feedback signal. In the transmission power amplifier equipped with a 
predistorter according to this embodiment, control is exerted so that the interpolation 
point update frequency is increased when the distortion amount in the feedback is large 
and the interpolation point update frequency is decreased when the distortion amount in 

30 the feedback is small, and thus the interpolation point update frequency is adaptively 
controlled by the interpolation method used to generate the distortion compensation 
table 2. 
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As a specific configuration, the transmission power amplifier equipped with a 
predistorter according to this embodiment comprises a signal level detection fimction 1 
that detects the level of the signal subject to amplification by the amplifier 5, distortion 
compensation fimctions 2, 3 and 4 that compensate for distortion contained in this signal 

5 based on the results detected by the signal level detection fimction 1, and a controller 6 
that controls the interpolation point update frequency based on the distortion amount in 
the results output from the amplifier 5, for example, at the time that the distortion 
compensation fimctions 2, 3 and 4 perform distortion compensation, and also updates 
the distortion compensation table 2 based on the results output from the amplifier 5 and 

10 the input signal to the predistorter PI, thereby compensating for distortion arising in the 
amplifier 5. In addition, in order to control the interpolation point update frequency in 
the transmission power amplifier equipped with a predistorter according to this 
embodiment, a preset interpolation point update frequency control table is used. 

Accordingly, with a transmission power amplifier equipped with a predistorter 

15 according to this embodiment, the eflBciency of the process of updating the distortion 
compensation table 2 can be improved by adaptively controlling the interpolation pomt 
update frequency of the distortion compensation table 2 as described above. Specifically, 
it is possible to increase the speed of convergence of the distortion compensation table 2 
over the overall update process, and it is possible to lower the power consvunption in the 

20 updating process of the predistorter PI as the convergence proceeds. To wit, in the 
process of updating the distortion compensation table 2 according to this embodiment, 
in the initial stages, the interpolation point update frequency is high so the speed of 
convergence is increased, but as convergence proceeds, the interpolation point update 
frequency decreases so the power consumption can be lowered, thereby achieving an 

25 extremely efficient distortion compensation process overall. 

Note that in this embodiment, the amplifier 5 is eqmvalent to the amplifier 
subject to distortion compensation. 

In addition, in this embodiment, the distortion compensator is constituted by 
the fimctions of the predistorter PI. 

30 In addition, the signal level detection means is constituted by the fimctions of 

the power detector 1, the distortion compensation execution means is constituted by the 
fimctions of the distortion compensation table 2, fimctions of the attenuator 3 and 
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functions of the phase shifter 4, while the distortion compensation control value 
correspondence update means and distortion compensation control value update 
firequency control means are constituted by the functions of the controller 6. 

In addition, in this embodiment, the distortion compensation control values are 
5 constituted by the control amounts at interpolation points, the correspondence between 
control amoimts and signal power values is stored in the distortion compensation table 2, 
and the mode of distortion compensation by the attenuator 3 and phase shifter 4 is 
determined by the control amoimt, while the interpolation point update frequency is 
equivalent to the number of corresponding pairs of control amoimts and signal power 
10 values. 

In addition, in this embodiment, the distortion compensation control value 
interpolation means is constituted by the functions of the controller 6. 

In addition, in this embodiment, the correspondence between the interpolation 
point update frequency and conditions pertaining to the distortion components 
1 5 (distortion amoimts) is stored in the interpolation point update frequency control table. 

In addition, in this embodiment, the distortion compensation control value 
correspondence storage means is constituted by the functions of the distortion 
compensation table 2, the distortion-compensating distortion generation means is 
constituted by the functions of the attenuator 3 and functions of the phase shifter 4, 
20 while the distortion component detection means is constituted by the functions of the 
feedback controller 11, functions of the VCO 12, functions of the mixer 13 and 
functions of the BPF 14. 

We shall now describe Embodiment 3-2. 

In this embodiment, we shall describe a transmission power amplifier equipped 
25 with a predistorter that has the same configuration as that illustrated in FIG. 6 above and 
performs the same operation. 

Here follows a description of examples of the configuration and operation 
regarding the control of the frequency at which the control amounts are updated at 
interpolation points (the interpolation point update frequency). 
30 This embodiment is described using an example of a controller C2 of the same 

constitution as that illustrated in FIG. 7 above, with only those portions that differ from 
the above described in detail. 
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The controller 27 of this embodiment consists of a quadrature demodulator 31, 
error detector 32 and a calculation block (interpolation point update frequency 
calculation block) 33. 

In this embodiment, the error detector 32 detects a signal consisting of the 

5 difference between the signal consisting of the I component and Q component input as 
the signal subject to amplification by the amplifier 26 and the signal consisting of the I 
component and Q component input from the quadrature demodulator 31 as the error (in 
this embodiment, the vector error) signal, and outputs this detected error signal to the 
interpolation point update frequency calculation block 33. Here, as this error signal, for 

10 example, the amplified signal after the amplification process of the amplifier 26 may be 
detected as components shifted with respect to the signal before amplification, and the 
distortion components arising in the amplifier 26 or components proportional thereto 
may be detected. 

The interpolation point update frequency calculation block 33 calculates the 

15 interpolation point update frequency based on the error signal input from the error 
detector 32 and exerts control over the interpolation point update frequency. 

Here, the process by which the interpolation point number calculation block 33 
controls the interpolation point update frequency using this error signal as a feedback 
signal may be implemented in the same manner as the interpolation point update 

20 frequency control process described in Embodiment 3-1 above, for example. 

Specifically, an interpolation point update frequency control table like that 
illustrated in FIG. 15 above is stored in the memory of the interpolation point update 
frequency calculation block 33 of this embodiment. In this embodiment, the "error 
signal" E is used instead of the "distortion amoimt" illustrated in FIG. 15 above, so the 

25 correspondence between the interpolation point update frequency and the range of the 
error signal E is contained in the interpolation point update frequency control table. 
Moreover, the greater the error signal E is the higher the interpolation point update 
frequency A is controlled to be, while the smaller the error signal E is the lower the 
interpolation point update frequency A is controlled to be. 

30 In addition, as an example of the procedure for the process of controlling the 

nimiber of interpolation points performed by the controller 27 of this embodiment, for 
example, one like that illustrated in FIG. 5 above may be used. In this embodiment, use 
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"error signal" instead of "distortion amount" in FIG. 5 above. 

As described above, with a transmission power amplifier equipped with a 
predistorter according to this embodiment, in the predistorter P2 that does a lookup of 
the distortion compensation table 22 to perform distortion compensation on the 
5 amplifier 26, the output signal firom the amplifier 26 subject to distortion compensation 
is fed back and the interpolation point update frequency in the generation of the 
distortion compensation table 22 is adaptively controlled depending on this feedback 
signal and the error amount detected from the input signal to the predistorter P2. In the 
transmission power amplifier equipped with a predistorter according to this embodiment, 
10 control is exerted so that the interpolation point update frequency is increased when the 
detected error amount is large and the interpolation point update frequency is decreased 
when this error amount is small, and thus the interpolation point update frequency is 
adaptively controlled by the interpolation method used to generate the distortion 
compensation table 22. 

15 As a specific configuration, the transmission power amplifier equipped with a 

predistorter according to this embodiment comprises a signal level detection fimction 21 
that detects the level of the signal subject to amplification by the amplifier 26, distortion 
compensation functions 22 and 23 that compensate for distortion contained in this signal 
based on the results detected by the signal level detection function 21, and a controller 

20 27 that controls the interpolation point update frequency based on the error amount in 
the results output from the amplifier 26, for example, at the time that the distortion 
compensation functions 22 and 23 perform distortion compensation, and also updates 
the distortion compensation table 22 based on the results output from the amplifier 26 
and the input signal to the predistorter P2, thereby compensating for distortion arising in 

25 the amplifier 26. In addition, in order to control the interpolation point update frequency 
in the transmission power amplifier equipped with a predistorter according to this 
embodiment, a preset interpolation point update frequency control table is used. 

Accordingly, with a transmission power amplifier equipped with a predistorter 
according to this embodiment, the efficiency of the process of updating the distortion 

30 compensation table 22 can be improved by adaptively controlling the interpolation point 
update frequency of the distortion compensation table 22 as described above. 
Specifically, it is possible to increase the speed of convergence of the distortion 
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compensation table 22 over the overall update process, and it is possible to lower the 
power consumption of the update process of the predistorter P2 as the convergence 
proceeds. To wit, in the process of updating the distortion compensation table 22 
according to this embodiment, in the initial stages, the interpolation point update 
5 frequency is high so the speed of convergence is increased, but as convergence proceeds, 
the interpolation point update frequency decreases so the power consxmiption can be 
lowered, thereby achieving an extremely efficient distortion compensation process 
overall. 

Note that in this embodiment, the amplifier 26 is equivalent to the amplifier 
1 0 subject to distortion compensation. 

In addition, in this embodiment, the distortion compensator is constituted by 
the functions of the predistorter P2. 

In addition, in this embodiment, the signal level detection means is constituted 
by the functions of the power detector 21, the distortion compensation execution means 
15 is constituted by the functions of the distortion compensation table 22 and functions of 
the vector processor 23, while the distortion compensation control value correspondence 
update means and distortion compensation control value update frequency control 
means are constituted by the functions of the controller 27. 

In addition, in this embodiment, the mode of distortion compensation by the 
20 vector processor 23 is determined by the control amount. 

In addition, in this embodiment, the distortion compensation control value 
interpolation means is constituted by the functions of the controller 27. 

In addition, in this embodiment, the correspondence between the interpolation 
point update frequency and conditions pertaining to the distortion components is stored 
25 in the interpolation point update frequency control table. 

In addition, in this embodiment, the distortion compensation control value 
correspondence storage means is constituted by the fimctions of the distortion 
compensation table 22 and the distortion compensation generation means is constituted 
by the functions of the vector processor 23. 
30 In addition, in this embodiment, the signal modulation means is constituted by 

the functions of the quadrature modulator 24, the signal demodulation means is 
constituted by the functions of the quadrature modulator 31, and the error detection 
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means is constituted by the functions of the error detector 32. 
We shall now describe Embodiment 3-3. 

In this embodiment, we shall describe a transmission power amplifier equipped 
with a predistorter that has the same configuration as that illustrated in FIG. 8 above and 
5 performs the same operation. 

We shall now describe in detail the process by which the controller 47 of this 
embodiment controls the frequency at which the interpolation point update frequency 
(attenuator control amount or phase shifler control amount) is updated (the interpolation 
point update frequency) based on the elapsed time. 
10 FIG. 16 is a diagram showing an example of a table used to control the 

interpolation point update frequency (interpolation point update frequency control table), 
where this interpolation point update frequency control table is stored in the memory of 
the controller 47. 

In the interpolation point update frequency control table of this embodiment, 

15 the correspondence between the interpolation point update frequency and the range of 
the time t from the start of convergence of the compensation table 42 is set in advance. 
Here, in this embodiment, the elapsed time from the point in time that the signal subject 
to amplification by the amplifier 45 is input to the predistorter P3 is used as this time / 
from the start of convergence. 

20 This embodiment utilizes the property wherein the longer the elapsed time 

from the start of convergence typically the smaller the amoxmt of distortion in the 
feedback as illustrated in Embodiment 3-1 above and the error signal in the feedback 
signal illustrated in Embodiment 3-2 above become. 

Specifically, in this embodiment, taking A/^ to be a number greater than or equal 

25 to 2, a group of threshold values is set up so that the relationships among the threshold 
values T^N-i) are as such: first threshold value Ti < second threshold value T2 < ... < 
(N-lf" threshold value T^n-d < (N-lf" threshold value TiN-\y hi addition, a group of 
interpolation point update frequencies is set up so that the relationships among the 
interpolation point update frequencies A(j^ are as such: first interpolation point update 

30 frequency Ai > second interpolation point update frequency A2 > ... > (N-l)^ 
interpolation point update fi^quency A(n-\) > mterpolation point update frequency 
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Thus in the interpolation point update frequency control table of this 
embodiment, the interpolation point update frequency Ai corresponds to the case in 
which 0 < / < Ti, the interpolation point update frequency A2 corresponds to the case in 
which Ti < / < ... the interpolation point update frequency ^(a^i) corresponds to the 
5 case in which T^^-i) <t< T^n-\), while the interpolation point update frequency A(N) 
corresponds to the case in which T(m-\) < t. With this correspondence, the smaller the 
elapsed time t is the greater the interpolation point update frequency A is controlled to 
be, while the greater the elapsed time t is the smaller the interpolation point update 
frequency A is controlled to be. 
10 Here follows a description of an example of the procedure for the process of 

controlling the interpolation point update frequency performed by the controller 47 with 
reference to FIG 10 above. 

The controller 47 first detects the elapsed time t reported by the timer 46 (Step 

Sll). 

15 Next, the controller 47 sets the object of control (interpolation point update 

frequency) to A\ (Step S12), determines whether the elapsed time t is greater than the 
threshold value T\ or not (Step SI 3). As a result, if the controller 47 determines that this 
elapsed time t is less than or equal to the threshold value Tu the interpolation point 
update frequency control process for this result of detection ends (Step SI 9). 

20 On the other hand, if the controller 47 determines that the elapsed time t is 

greater than the threshold value Tu it sets the interpolation point update frequency to A2 
(Step SI 4) and also determines whether the elapsed time t is greater than the threshold 
value T2 or not (Step SI 5). As a result, if the controller 47 determines that this elapsed 
time / is less than or equal to the threshold value the interpolation point update 

25 frequency control process for this result of detection ends (Step SI 9). If this elapsed 
time / is determined to be greater than the threshold value T2, then the same process is 
performed for the next threshold value Ts, 

The controller 47 sequentially performs the same process for the subsequent 
threshold values. For example, if the controller 47 determines that the elapsed time / is 

30 greater than the threshold value T{n-2)^ it sets the interpolation point update frequency to 
A{M-\) (Step SI 6) and also determines whether the elapsed time / is greater than the 
threshold value T^n-\) or not (Step SI 7). As a result, if the controller 47 determines that 
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this elapsed time t is less than or equal to the threshold value T(i^-i), the interpolation 
point update frequency control process for this result of detection ends (Step SI 9). 

On the other hand, if the controller 47 determines that the elapsed time t is 
greater than the threshold value T(m-\)^ it sets the interpolation point update frequency to 
5 A{M) (Step SI 8) and the interpolation point update frequency control process for this 
result of detection ends (Step SI 9). 

In this manner, in the interpolation point update frequency control process 
according to this embodiment, this process starts from a small interpolation point update 
frequency and the interpolation point update frequency increases with the elapsed time. 

10 As described above, with a transmission power amplifier equipped with a 

predistorter according to this embodiment, in the predistorter P3 that does a lookup of 
the distortion compensation table 42 to perform distortion compensation on the 
amplifier 45, the interpolation point update frequency in the generation of the distortion 
compensation table 2 is adaptively controlled depending on the elapsed time from the 

15 start of convergence of the compensation table 42. In the transmission power amplifier 
equipped with a predistorter according to this embodiment, control is exerted so that the 
interpolation point update frequency is increased when the elapsed time is small and the 
interpolation point update frequency is decreased when the elapsed time is large, and 
thus the interpolation point update frequency is adaptively controlled by the 

20 interpolation method used to generate the distortion compensation table 42. 

As a specific configuration, the transmission power amplifier equipped with a 
predistorter according to this embodiment comprises a signgd level detection function 41 
that detects the level of the signal subject to amplification by the amplifier 45, distortion 
compensation functions 42, 43 and 44 that compensate for distortion contained in this 

25 signal based on the results detected by the signal level detection function 41, a time 
measurement function 46 that measures the time elapsed in distortion compensation 
from the point in time that the signal subject to amplification by the amplifier 45 is input, 
and a controller 47 that controls the interpolation point update frequency based on the 
distortion amount in the results output from the amplifier 45, for example, at the time 

30 that the distortion compensation functions 42, 43 and 44 perform distortion 
compensation, and also updates the distortion compensation table 42 based on the 
results output from the amplifier 45 and the input signal to the predistorter P3, thereby 
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compensating for distortion arising in the amplifier 45. In addition, in order to control 
the interpolation point update frequency in the transmission power amplifier equipped 
with a predistorter according to this embodiment, a preset interpolation point update 
fi-equency control table is used. 
5 Accordingly, with a transmission power amplifier equipped with a predistorter 

according to this embodiment, the efficiency of the process of updating the distortion 
compensation table 42 can be improved by adaptively controlling the interpolation point 
update frequency of the distortion compensation table 42 as described above. 
Specifically, it is possible to increase the speed of convergence of the distortion 

10 compensation table 42 over the overall update process, and it is possible to lower the 
power consumption involved in the update process of the predistorter P3 as the 
convergence proceeds. To wit, in the process of updating the distortion compensation 
table 42 according to this embodiment, in the initial stages, the interpolation point 
update frequency is low so the speed of convergence is increased, but as convergence 

15 proceeds, the interpolation point update frequency increases so the power consimiption 
can be lowered, thereby achieving an extremely efficient distortion compensation 
process overall. 

Note that in this embodiment, the distortion compensator is constituted by the 
functions of the predistorter P3. 
20 In addition, the elapsed time measurement means is constituted by the 

functions of the timer 46. 

In addition, in this embodiment, the correspondence between the interpolation 
point update frequency and conditions related to elapsed time is stored in the distortion 
compensation table. 
25 We shall now describe Embodiment 3-4. 

In this embodiment, we shall describe a transmission power amplifier equipped 
with a predistorter that has the same configuration as that illustrated in FIG. 11 above 
and performs the same operation. 

In this embodiment, the controller 58 calculates the interpolation point update 
30 fi^quency based on the elapsed time reported from the timer 57 and thus controls the 
interpolation point update frequency. 

Here, the process by which the controller 58 controls the interpolation point 
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update frequency using this elapsed time may be implemented in the same manner as in 
the interpolation point update frequency control process described in Embodiment 3-3 
above, for example. 

Specifically, an interpolation point update frequency control table like that 
5 illustrated in FIG. 16 above is stored in the memory of the controller 58 according to 
this embodiment. 

In addition, as an example of the procedure for the process of controlling the 
interpolation point update frequency performed by the controller 58 according to this 
embodiment, one like that illustrated in FIG. 10 above is used. 

10 As described above, with a transmission power amplifier equipped with a 

predistorter according to this embodiment, in the same maimer as described in 
Embodiment 3-3 above, in the predistorter P4 that does a lookup of the distortion 
compensation table 52 to perform distortion compensation on the amplifier 56, the 
interpolation point update frequency in the distortion compensation table 52 is 

15 adaptively controlled, so the efficiency of the process of updating the distortion 
compensation table 52 can be improved by adaptively controlling the interpolation point 
update frequency of the distortion compensation table 52 as described above. 

Note that in this embodiment, the distortion compensator is constituted by the 
functions of the predistorter P4. 

20 In addition, the elapsed time measurement means is constituted by the 

functions of the timer 57. 

In addition, in this embodiment, the correspondence between the interpolation 
point update frequency and conditions related to elapsed time is stored in the distortion 
compensation table. 

25 As illustrated in Embodiments 3-1 through 3-4 above, with a transmission 

power amplifier equipped with a predistorter according to this embodiment, by 
controlling the frequency at which the control values used to perform distortion 
compensation are updated (in this embodiment, the interpolation point update 
frequency) at the time that this distortion compensation is performed with respect to 

30 distortion arising in an amplifier that amplifies a signal, it is possible to improve the 
elOficiency of distortion compensation. 

Here, the constitution of the distortion compensator or the like according to the 
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present invention is not necessarily limited to that presented above, but rather various 
constitutions may be used. Note that the present invention may also be provided as a 
method of executing the process according to the present invention, or as a computer 
program for implementing such a method. 
5 In addition, the applicable fields of the present invention are not necessarily 

limited to those illustrated above, but rather the present invention may be applied to 
various fields. 

In addition, it is possible to combine the constitutions of two or more among 
the first, second and third modes of the present invention. 

10 In addition, the various processing performed in the distortion compensator or 

the like according to the present invention may be constituted by being implemented in 
hardware resources equipped with a processor and memory and the like, for example, 
being controlled by means of a processor executing a control program stored in 
read-only memory (ROM). In addition, the various functional means for executing this 

15 processing may also be constituted as independent hardware cbcuits. 

In addition, the present invention may also be understood as one wherein the 
above control program (itself) is stored in a floppy disc®, CD-ROM or other 
computer-readable recording media, so that the processing according to the present 
invention can be implemented by loading said control program from the recording 

20 medium into a computer and executing the program by a processor. 

As described above, with a distortion compensator according to the first mode 
of the present invention, by detecting the level of the signal amplified by the amplifier, 
executing distortion compensation on the signal amplified by the amplifier in a mode of 
distortion compensation corresponding to this detected signal level based on a 

25 correspondence between signal levels and distortion compensation control values that 
determine the distortion compensation mode, and updating the correspondence between 
signal levels and distortion compensation control values used in the execution of 
distortion compensation based on the signal amplified by the amplifier, at the time of 
compensating for distortion arising in the amplifier that amplifies the signal, the number 

30 of corresponding pairs of signal levels and distortion compensation control values in the 
updated correspondence between signal levels and distortion compensation control 
values is controlled, so it is possible to improve the efficiency of distortion 
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compensation. 

In addition, with a distortion compensator according to the second mode of the 
present invention, by detecting the level of the signal amplified by the amplifier, 
executing distortion compensation on the signal amplified by the amplifier in a mode of 
5 distortion compensation corresponding to this detected signal level based on a 
correspondence between signal levels and distortion compensation control values that 
determine the distortion compensation mode, and updating the correspondence between 
signal levels and distortion compensation control values used in the execution of 
distortion compensation based on the signal amplified by the amplifier, at the time of 
10 compensating for distortion arising in the amplifier that amplifies the signal, the amount 
by which the correspondence between signal levels and distortion compensation control 
values is updated is controlled, so it is possible to improve the efficiency of distortion 
compensation. 

In addition, with a distortion compensator according to the third mode of the 
15 present invention, by detecting the level of the signal amplified by the amplifier, 
executing distortion compensation on the signal amplified by the amplifier in a mode of 
distortion compensation corresponding to this detected signal level based on a 
correspondence between signal levels and distortion compensation control values that 
determine the distortion compensation mode, and updating the correspondence between 
20 signal levels and distortion compensation control values used in the execution of 
distortion compensation based on the signal amplified by the amplifier, at the time of 
compensating for distortion arising in the amplifier that amplifies the signal, the 
frequency at which the correspondence between signal levels and distortion 
compensation control values is updated is controlled, so it is possible to improve the 
25 efficiency of distortion compensation. 
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